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(1) Nuclear Plvysics 

The branch of physics whitch deals 
(4) Particle Physics 

The branch af physics which Is coneenre 
matter ls composed is called particle physles 

(4) Relativistic Mechanics e 
The brane of phyates which deals with velocities approaching that of laht is 
called relativistic mechanics, 

(4) Soll State Physics 

fhe branch of physics whieh Is concerned with the structure and properties of 
solids is called solid state plrysics 

Other branches of Physics 

Physics Is most fundamental of all aclences and provides other branches of 
science, baste principle and fundamental laws, This overlapping of physical and 
other flelds gave birth to new branches 


Role of Physics in Technology 


with aramie muole/ is called nuctear phystes 


dwith the ultimate particles of whieh 


* Physics alao plays an important role in the development of technology 
and engineering. 

* Sclence ond technology are a vital force for change in the outlook of 
riarikiived, pie, ve 

® The information media and the fast means of communications have 
brought all parts of the world in close contact with one another, 

* fvents in one part of the world immediately reverberate round the globe. 

* We are living the age of Information technology, 


The computer networks are products of chips developed from the basic 
“Ideas of physics The chips are made of silicon, Silicon can be obtained 
from sand, 

ih. is up to us whather we make a sandcastle or a computer out of it, 
ica The branch of physi 4 Conterned with the physical and chemical properties, origin, 


y 
wf 


i aie The branch of physics which deals with the sclentifie study of biological progeapes.®> terns of in laws 


abe atl ni Gets, oteeees and otraing in dkheletal and muscular structures, 


J spectrum of physics. 


they have, ihe way they read with other conpounds, and the banda that hold thelr ater rogettiar 


t gd af ocean waters 


ioe ie the application of physics to medicing. I generally concornFatias! sos applied to me lice 
Its Besity include the shape of the stat, : en 


hrval At ie the pliysion of the Karith and it environment ti ipwaie 
nelle Heide, the dynamics of Me Larth ite compe 
emerson Of riaginias, valcaniom ard ve 

fe, lonophere, Magnetosphere a 


> | er Hlectromognettom In the force that. causes the intera elt than char ond | pte “ina inv wi) “0 | f 
<aiieananate tales al bodies ay | hapnetis are called electromagnetic Helds, Clectrormagnetisr nen re al =< individual mol 
Iyysles, For exam ee sug of ie te foc ch ols et : jms, which are the building black 


The branch of plrysics which deals with the study of the movement of aly aod other gases 
vections of ale with moving olijerts, such as aiiplanes, and of the effects of moving alt Or staflumary objects feltoss caecti 
Cenmtions The branch of phyaive which deals with the behavior of the material uniierse ty its entiveny tt is the one 0 


mount of enen 
The branch of cherniatry that Is concerned with the physical strudture of Dhernical compounds, the a 


me 
| Pheaiee! cceanoetaply Wis the study of physical conditionha and ptivaleal processes Within ihe ocean, especially the motions 
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6 VON Wiles evttiised Ina container, unilke was, under the influence | 
os and double i i, * 
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piles mo oes iol heave a dalinite wWhiape TH Maleliet 


of aint Held, Corey Ton structures such ae Marner ne COMM (aewiTh ais slary and neon 
Niaanelo hvdiedyianics IMD) Magneto Mb ayinarniicg 6 the branch af physics whieh studies the dynanica of 
medidially donde Tile, Daeniplos of queh Hulits eich TPR, Veplel alot ond salt water, The word magneto hydrodynamben 
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Uiiiique Thom olfer Nelda af astrophysics which shudy slinvilas | 
| phenamnendn, (elegy! s Tie maliemnents fron hah altitude rockets and apacecrall 
Superiluidily i 8 etale OF Tater In WHET The matter behaves ike @ fMuld without viscosity and with infinite thermal conductivity, The 
suhatance, whlol) Moks like «UT, will low uncontrollably, | 
 Supertluldity 6 (Tc enless (lor ait other eeotk behaviour Observed in liquid heli al temperatures near abaolute pera (6 279,95 "C, a7 
Agg.67°)), and (lett widely used) siinilar (ictiontess behaviour of elections ina superconducthig solid, 
| suneeeoied Uetivity ve bn eli al reaislance of Mc thy rero which accuse In Certain materials below 4 characterist lemperature, | 
sapien onvdugtlialty ii a pi Vereen livery observed iv Several metals and cerainke materials, When thease vaterialé are cooled to Tenijer alii as 
: rifaing (ode aa mhactute oro | O degrees 27) degrees Celsius) to quid nitrogen temperatures (| 7) 6K, 196 C), thelr electrical 
| fesktande drops WH jump down to sero. | | | PN = 
The terperature ot which electrical resistance is vero ls called the eritical temperature (7, ) and varies with the Individual material: For | 
a practical PO, critheal temperatures are achieved by cooling materials with elt her liquid helium or liquid nitrogen, Hecause theve 
| materials have no electrical resistance, meaning electrons Gan (vel through thom freely, they can carry large amounts of electrics ea 
lor long joo jods of ine without josing energy as heat SUE CONGUCTINY Joy of wire have boen shown to carry electrical pest a 
L sovelal years with oo measurable loss, Thi property has Implications for electrical power transmission, lf transmission lines can be ma 
1 superconducting ceramics, and for electrical-storage devices, » end. the | 
| Quiles tt la the branch of physics which Involves the behavior and properios cot light, ie lke 2 aay ga 
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The minima namber of 


_anst quantities can be defined are called base quantifies. 


called d derived quantities. 


urement of base Quantities involves two steps: 

@ of the standard ' 

& The proced we for comp the quantity to be measured with the 
Properties of an idea! Stanc 

An Gea! Stancders as two cid characteristics; 

Gi Tsar pe t} it s invariable. 

These two requirements are often incompatible and compromise has to be 


the units upon which it is 


committee agreed on a set of definitions and standard 


ona! (5). 
ne sytem international is formed from three kinds of units: 
fi} Base unit (2) Derived units (3) 
(1) Base Units 
There are seven base units for different physical quantities. 
length, Mass, time, temperature, electric current, luminous intefisity, amount of 


Supplementary units 
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those physical quannines in ferms of which other — 


For Your info rmatio ; 


(i) Meter The distance traveled 


Gy light in vacuum during a 


time of 1/205,792_458 second. 


(i) Kalogram it & defined as the 
mass of a = ag (90%) and 
indium (10%) alloy cylinder, 3.5 
cm in Giameter and 3.9 cm in 
eae nit. Kept at the 
Intemational Bureau of 
Wego and Measures in 
rrance. This mass Standard ww aS 
esta imahed in 1901. 


| (ai) Second The duration in 


which the outer most electron 


| Of the cesium. 133 atoms make 


3,192,631, 770 vibrations. 
(vw) Kelvin ft ic the fraction 


| W273-%6 of the thermodynamic 


| temperature of the triole point 


| constant 


| Quantities. The systern that was established is called the 


|. Catinum 


elementary ent 


of waiter. 


(v} Ampere The unit of electric 
current & ampere. it is that 
current whaxh @f 
maintanmd in two straight 
carafe! conductors of infinite 


| fength, of negtgible circular 


cross-techon and piated a 
meter of eneth. 


| tv) Candela The unt of 
| luminous intensity is candela. it | 


5 defied as the eninady 
intensity im the 2 Lar 


| Girecieon of 3 pits of 
: MAUOCS: by f faeter oa 
| *Dhack radiator at the 
 soldification a Niger ated Pe 


atmospheric pressure 
(vii) Mole The mole is the 


| amount of substante of a 


ch contains as many 
vtities as there 


aréatoms in 0.012 kg if carbon 


| 12. One ciole of any substance 


contains 6.0225 = 10” entities 
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| Temperature pores 


Light intensity | candela 


Amount of substance 


(2) Supplementary Units 

The units which are neither base unitSesmmc derived Writs are called 
supplementary units and are oftenly used for Peomethical quantities, They are: 
(i) Plane angie (ii,emmerhe solid sugle 

Standard Definitions of Supplementary Units 

(i) Radian 

it is the plane angle betweem,two Yadii of a circle which cut off on the 
crcumference,an arc equal in length to tie radius of the circle. it is shown in 
figure. 

(ii) Steradian 

it is the solid amele (three dimensional angle) subtended at the center of sphere 
by an area @f surface egual to square the radius of the sphere. It is shown in 
figure. 


Si Unit | 


Physical Quantity 


Radian 
Steradian 


Plane angle 


Solid angie 


(3) Derived Units 
The Si units for measuring all other physical quantities are derive 
and Aenea? units, such units are called 3 rived uni 


Physical Quantity 


Fig 1 


Fig 2 
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(i) Full name of the unit does not being with a capital letter - s,—s§t.~S*«éiRAACTORR”:«s- ACTOR at brick sl J 
even if named Profix _ Symbol ' rows) _(Canguage) rhe uncertainty |s usually described as an error In Measurement 
after scientist e.g., newton. | ome [ pl qanerion Types of Errors i a as 
(i) The symbol of units after a scientist has initial capital such ae | “ pola | There are two major types of errors 
as N for newton, giga a ee ie et Random error 
(iii) The prefix should be written before the unit without any | mega | M 10" million | 2. oystematic error 
space, such as |} hilo =| hk |  4o' | thousand Random Error 
+x 10 2 mis written as Imm. me ie | pave Rangorm error is said lo take place wher repeated measutements of the 
(iv) Acombination of base units is written each with one space a je nee pe gives different values under the same conditions. 
apart. cont ¢ 10° | hundredth | Reh a! ae * ost 
| Je ier = x mnlitl in 1° —s | thousandtn | It Us due to some unknown reasolis, 
For example, newton meter is written as Nm. micro | y | 4g* | milion | Reduction of random Error 
(v) Compound prefixes are not allowed. For example pyr | nano a! with cee bilionth | The ranucm error can bew@tluced by taking several readings of same quantity 
may be written as 1pF, ee 10” Witlonth |} and then taking their m@an value 
(vi) A number such as 5.0 x 10° cm may be expressed in - leat ptr perenne Systematic Error 
scientific notation as mT fp aint | Systematic error Bccurs When all the measurements of particular quantity are 
5.0 * 10'm, affected equally, these give consistent difference in the readings, 
(vil) When a multiple of a base unit is raised to a power, the power applies cial atic error may Occur due to 
to the whole multiple and not the base unit alone, Thus, (i) _ Zerciatror in mé@asuring instrument 
ikm* =1(km)’ = 1 10° m’ (ii) Poor calibration of instrument 
(viii) Measurement in practical work should be recorded immediately in the most convenient unit. e.g., (ili)  In€@erect calibration on the measuring instruments 


Micrometer screw gauges measurement in mm, and the mass of calorimeter in grams. But before 
calculation for the result, all measurements must be converted to the appropriate SI base unit. 


Qs a _What is scientific notation? _ 


“f Lh ») 


‘Scientific Notation 
: numbers are expressed in standard form called scientific notation, which 
employs power of ten. 


| The internationally accepted practice is that there should be only one none 
digit left of decirnal. Thus the number 1347 should be written as 1.347 * 10° and 
0023 should be expressed as 2.3* 10 KS 


Aire, at the universe 


a9 What are the sources of errors in the measurement of a physical Age of the carth 
quantity? What are the types of errors? How can we reduce the error. (ne year 
_any measurement? pe 


rs and Uncertainties 


Al physical measurements are uncertain and preci to some giro. There are 
Sree sources of errors 


ources of errors 
a or inexperience a @ person 


Period of visible 


For Your informatio n 


interval (s) 


bx" 


ua lod ; it = ofan 


Reduction of Systematic Error 

Systematic error can be reduced by comparing the Instrument with another 
instrument which Is known to be more accurate. Thus, systematic error Is 
reduced by applying a correction factor to all the reading taken on an 
instrument. 


Q.10 What | ‘are scientific figures? How can we estim 
significant figure In the physical measurement anc 
rounding off data, 


_ 


ate the number of 
‘plain the way to 


y Significant epee 


In any measu 
called signifi 
In oser we rds 


§ x 10" 
1.4 x 10! 
42x10 

nix 


- SS | 
a a j | i 7 fo i 
<b O' Lhe anh : f a , | a ' i 
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interesting information 


(ii} Zeros to the left of significant figures are not significant. 


In case (i) 72.1 have the smallest number of decimal places, thus the answer is 


For examp rounded off to the same position which is 75. 5m. 


None of the zeros in 0.0046 or 02.59 Is significant. 

(Note: these zeros are used only to locate decimal position) 

(iii) Zeros to the right of significant figure may or may not be significant. 

(iv) in decimal fraction, zeros to the right of significant figure are significant. 


In case (ii) the number 4.10 has the smallest number of decimal places 
hence, the answer is rounded off to the same decimal pasitions which 
8.13 Mm. 


and 
is then 


F mple Q.11__Describe the rules for rounding of data up to appropriate precision 
or example © Precision. 


All the zeros in 3.570 or 7.4000 are significant. However, in integers such as 8000 
kg, the number of significant zeros Is determined by the accuracy of the 


Rounding Off Data 
measuring instrument. | oe « | 
& if the measuring scale has a least count of 1 kg then there are four we pose sans pelhsy seg ii Retetermmausing the following rules: 
significant figures written in scientific notation as 8.000 ~ 10° kg. Lt It the first digit dropped 18 less than S, the last digit retained should 
" if the least count of the scale is 10 kg, then the number of significant 0 ta waka’ > a Sf 
figures will be 3 written in scientific notation as 8.00 x 10° kg. : if ed dropped is more’than 5, the digit to be retained is 
® if the least count of the scale is 100 kg, then the number of significant : 


3. if the digit tobe dropped is’5, the previous digit which is to be retained is 
increased by One, if lt is odd and retained as such if it is even. For 


figures will be 2 written in scientific notation as 8.0 x 10° ke, 


. if the least count of the scale is 1000 kg, then the number of significant Order of magnitude of some example the fallawing numbers are rounded off to three significant 
. : « “ “ oF a 7 MiAassen., 
figures will be 1 written in scientific notation as 8 x 10° kg. figures.as follows; 

(v) When the measurement is recorded in scientific notation or standard form, bin _ 43.75 is rounded off as 43.8 


the figures other than the powers of ten are significant figures. Do You Know? 56.8546 is rounded off as 56.9 

For example, | Mass can be thought of as a 73.650 is rounded off as 73.6 
| al ; form of energy, In effectythe 

A measurement recorded as 8.70 x 10° kg has three significant figures. mass is highly concentrated 64.350 is rounded off as 64.4 


form of energy. Einstein's 


(2) Multiplication and division of Numbers | Q.12 What do understand by the terms precision and accuracy? 


| famous equation, 
In multiplying or dividing number, keep a number of Ganiseant Ggures inthe | E= me means a , 
product or quotient not more than that contained in the /east acct cto energy = mass * (speed G a . measure “pone : 
5.348x10°x3.64x10° , igh to this uation | Precision reeoigs 
1.336 = Loree ne : - an vom sis io'¢), Preci ion means how close the measured values are i 
Bos ee ie hae tain So sey erenges Se oer prien EXPLANATION: A precise measurement Is the one which has less a 
As the factor 3.64 x 10°, the least accurate in the above calculation had three if milke. then precision of a measurement Is determined by the Instrum 


significant figures, the answer should be written to three significant figures only, 


(3) 


Energy = mc! eikgx(3* used 2 
| 1 ms’) = 9 x 10" The precision ¢ of a get gl di a veer the size of th the unit yo 


Addition or Subtraction of Numbers 
in adding or subtracting number, the number of decimal places in the answer 
should be equal to the smallest number of decimal places in any of the 
uantities being added or subtracted. 


i this case, the number of significant figures is not Important.., 


| | Bu & l 
7 oe ee | ee 
4 wl rae j it 
ie oi ; ak * a aoe 8 by vo i, i ips | sete 
4 = Weryw £ . fe) 

i ; *» 7 tT | 7 Te 

” al ai ae eal _ 7 _ -_ __ es ne 5 = 
ol | | a) that matters. 7 1 LE ‘ : 

e f = ' 7 : — | For . 

' Pim ii 1 | 1 = 

3 j a } , * REF | 


Suppose we wish to add the f f 


merit depends or the trac tional of 


accuracy of a measureme 


percentage error, The | 
percentage uncertainty in that measuremen 


Example er > 

in the objact Is recorded a5 £4 a 
8 on in millimeter, it is the difference of two reading of the initial ane 
divisi 


: he i a i abs 
fhe uncertainty in the single reading as discussed before | ab 
allod absolute uncertainty equal to 10.) em 
to the least count of the measuring 


i 
Sem by using & meter rod having smalle: 


position 
rO.05 em which is now double and « 


Absolute uncertainty, in effect, Is equa 
instrument, This is ¢ alled precision: 


Case (|) 


Precision of absolute uncertainty (least count) * FO. em 
Ad RTL LS ede 

Fractional uncertaintys ————— © 0.004 

Fractional unce iad & cm 
(hien _ 100 (4 van 


Percentage uncertainty 


Case (il) ~ 
Another measurement taken by vernier calipers with least count as i 
recoded as 0.45 cm. It has b a 

Precision or absolute uncertainty (least count) = 10,01 cm 


5 § cm ta POO 


cractianal uncertainty ® O.0lem = 0.02 
ractional uncertainty rate 

O.lem — LOO 20 7 
O45em 100 100 — 


So the reading 25.5 cm taken by meter rule is although less precise but is more 
accurate having less percentage uncertainty or error. 
Whereas the reading 0.45cm taken relative, measurement which important. The 
smaller a physical quantity, the more precise instrument should be used, Here 
the measurement 0.45 cm demands that a more precise instrument, such as 
micrometer screw gauge, with least count 0.001 cm, should have been used. 


nt 
}! ie 


Percentage uncertainty = 


Q.13 How can you assess the total uncertainty in the final result? a 


Assessment of Total Uncertainty in the Final Result 

Every measurement has a degree of uncertainty associated with it. 

The uncertainty derives from the measuring device and from the skill ofthe 
person doing the measuring. The total sli in th final result can be 
fou d as follows > & 
infor of Addition and Subtraction —. 
Abso! ie epeertainties are added. _ 


1 heee are nol decoration 
- eurliest known exquisite 


| thermometers, built by the | 
| Accadomia del Cinemonto | 
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eee 


a" 10,4, 70,1em 
and 
KX," 20,68 | O.1 6m 
ihe difference x between them is recorded ii 
x My My 
(26,440 l= (10.5.4 0,1) 
iat oOo? em 
In Case of Multiplication and Divisiin 
Percentage uncertainties are added, 
For example 


The maximum possible uatertiiety ir the 


current flow TT’ tywusinge VF ih is taund as follows; 
V 5 2, 1V 
| O.44 1 0.05A 


0), | _ 100 | 
The age uncertainty for V > nn about 2% 
5. 
| - 0,05 | 4 LOU all, 
lhe % age Uncertainty for! : — = about 6% 
O.K4 “100 


».2V 
) SAA -= 6,19 V/A 
gy = 6.19 ohms with %age uneersginty of 8% 
Gus. % uncertainty for V is 2% and for | is zo So, 
Total uncertainty = 2% + 6% =8 
R=6.2+ 8% ee 


R= 6.2 + 0.5 ohms [8% of 6.2 = 8/100 «6,2. = 0. 


The result is thus givenasR = 


Hence 


| In Case of Power Factor 
Multiply the percentage uncertainty by that power. 
For example 


pieces Gf glass but are the 


and sensitive 


in the ae he volume of as sid using veafatee) 

(1657-1667), in. as = nt (% age uncertainty in radius r. 

They commainen alcoho! } | 1 Why - . rtain a ae | f | 
ier reading. «|. Precision demi nando of measure 


aad " 


i at rt by € > | x -aliper » \ 
aes | r 


asr: ay a 5 + 0.0" cm 
4 ieee Jt 2 ince 5 ptaint eet, 


Tall 


mer 


value of resistance R of conductor | 
determined from the n@asurements of potential difference Vo and resulting | 


| from a subtractive proces 


Hence total uncertainty in the value of resistance R when V is divided by | Is 8%. 


ATOMIC CLOCK 
The cesium atomic frequency 
standard at the Nations! 
Institute of Standard and 

| Technology in Colonia 


| sal tt Is tbe ie A } 
| for the t of th " 


| elepiny pee ine4 jist Cora | 
cAphenage L yall. hayes. 


Yollow ond black to italics 
ie ontive fanpe of colony, 
All the coleiines in (hie iy 
live hie eli irimde (pein jial 
Hoae four colours 

ELAVLANATION; 

Any colour ean be produced 
by @ sullablé combination of 


| read, vicar ail lilinw Coline 


Two colours whieh produce 
white light, when mixed are 
formed as complementary 
colours, tt ia found cyt 
Yellow wand Lilie, or greet) anil 
mapenta, w red and peacock 
bie me complementary 
colours, The appearance of 
COMA iA fi porin te bs a! 
subtractive polite, Med ploss 
abacrhs all ollier colours 


excepting the red. This blue 


is While mixture of green and 
red, lhe colours oblilned | 
with paints and inks reall 


FS} Yoiir Information | 


oo 


Thus volume v= 4/3(nr | 
= 4/3 x (3.14) « (2.29) 


- 47 689 cm with 1.2% uncertainty 


Wence the result should be recorded 4s 
V=47.72 0.6 cm 

in Case of Average value of Many Measurement 

(i) Find the average value of measured values. 

(ii) Find deviation of each measured value from the average value. 

(iit) The mean deviation is the uncertainty inthe average value. 

The six reading of the micrometer screw gauge to measure the diameters of a 

wire in mm are; 1.20, 1.22, 1.23, 1.19, 1.22, 1.21. 

) 90 +7.204 1.23 +1.194+1.22 +1.2] 


6 Lis 


Then Average = 


=1.21mm 
The deviation of the readings, which are the differences with out regards to the 
sign, between each reading and average values are 0.01, 0.01, 0.02, 0.02, 0.01, 
0.00 | 
0.0140.0140.0240.02+0.0 1 40,00 
¢ 


Viean of deviation = 


=0.01 mm 

In Case of timing experiment 
The uncertainty in the time period is found by dividing the least count of timing 
measurement instrument by the number of vibrations. 
For example 
The time of 30 vibrations of a simple pendulum recorded by a stop watch 
accurately up to one tenth of second is 54.65. Thus, the time period is given by 

T = 54.6/30 = 1.825 
eastcounl 


| O.1s 
Uncertainty in time period = — ae = —— 
Noof vibrations 30 


Thus, time period T is written as T = (1.82 + 0,003)s 


with examples. Also write its uses. 


Dimensions of Physical Quantities 


The dimensions of a physical quantity represents nature of that pliysical 
quantity 

Lach basic physical quantity representer is by a specific symbol with in square 
brackets | Wi 


j he dimensions aflength, mass and time are [LIM] and (1) respectively, 


q 


Chapter 1 (Measure 


Q.14 ‘What do you understand by dimensions of physical quantities? Explain 
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For Your Informatio” i 


(i)Speee 
Length 
~ Time 


As speed 


| Dimension of length [L] 
Dimension of speed = [v| = “Dimension of tin fl | 
(ii)Acceleration 
Velocity 
As acceleration = Time. 
Dimension of velocity 


ry) >, : 
(al arpa I = (I 
(iii)Force 
As force=mass * acceleration 


Dimension of farcce= dimensionOFl mass x dimension of acceleration 
(F] Sf] (tr) 
(F) = [Mur 
Uses of Dimensions 


Using the method of dimensions called the dimensional analysis; we can check 
the correetness of a given formula or an equation and can also derive it. 
(i)Checking the homogeneity of the physical equation 
in order to-check the correctness of an equation, we are to show that dimension" 
of the quantities on both sides if the equation is the same, irrespect ive of the 
form of the formulas. This is called the principle of homogeneity of dimensions. 


(ii)Deriving the possible formula 


The success of this method for deriving a relation for a physical que ntity depends 
on the correct guessing of various factors on which the physical quant 


depends. 


15 


I 


or Your Informution 


Dimensional variables 
—» Force, velocity etc 
Non - Dimensional varia!)'es 
| —+ Plane ingle, solid Inge etc 
Dimensional constants 

—~+ 2, G, kelc 

Non — Dimensional cons! ants 
— Reflective index, dele. (vic 

| Constani ete 


for Your Information 


Dimensional analysis 
deals with the physical | 
quantities in their 


qualitative meaning 
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WS OF PHYSICAL QUANTITIES 


Piryaioa! Syertool or Unit | Dimension 


} 
——s Qareneetity | Formula ——— 
‘i ™ | hilogran IMLS r | = (M4 : 
iL. ans 
: : 


Length | Meter MOLT) = 1h) 
Lcagih | I | | 


— ; SCM IM"LST} = {t] 
wens ee PPL eer rh 
"“Cctacken ames | 20 Ge LT] = 
| Vetecnt . Speed ' ved Ye eo ee . | W ih 


sary. | “4 IMPLY") = "| 

IMSL) = (Ly 

IML 9°} = [ML 

1 (MLT") 
IML YT] 

~ IMLT") | 


Tous TEL 


‘Vay | 


+ olume 


Demsity 


Furce 


Niomcatum, 


Impulse 


Nm 
J=Nm = kem's” 
3 W = lis 
radian 


Torque, Work, 
bnergy 


Angular 
. displacement 


Angu lar 


velocify 
Angular 
acceleration 


Angular 


momentum 
Moment of 

inertia 
| Gravitational ‘i 
constant 


Acceleration 
duc to gravity 
Time period 
Freq ucncy, 
angular 
frequency 
Coefficient of 
osity” 


Visc 


Soholan a raVAICh \ 1 (stalijoutive) 1/ 


Wavelenpit 


rh Lh] 
IML Ty 
ne 


IML 47 


Slicas 


a= A ra = Nifin’ 


a 2 ara | 
stiri TLL A 


Vlwatic modulus | =o /i ‘ie Nive 


ial basuagedla | Th \ | 
Mel welive he | jiiie none 
inilen 


Multiple Choice Questions 


a Four possibie answers fo each statement are piven below. Tick (7) the correct answer: 


l. The mainfrontiers of fundamental sciences are 
(a) One (b) Iwo 
(c) Three (qd) Four 
2. The branch of Bhsics which deals with the ultimate particles of which the matter is composed Is 
called » physics 
(a) Plasma (b) Nuclear 
(c) Particle (d) Solid state 
J. Which one of the following is not a unit of energy? 
(a) Kilowatt (b) 
(c) Joule (d) 
: Steradian is the unit of 
(a) Plane angle ne Ru (b) 
(c) Temperature (d) 
: Which one of the following is a base quantity? 
(a) Area (b) 
(c) Current {(d) 


i 


7 


La) 


If pis the mom ntum of an object of mass m, the e) 
(a) Energy 


Increases 


the . 
inet 
ee, 
(a) et eee ay 
“7 i = 4 Jib ye Tt ae 
* ‘ “= Ls = a 
i I - ai 7 | 
| = i: i, Ne i a PS ee teat be ee 
u ! 
“< x 7 i eh = ~ 
1 roel a =— La ee i i = 
Ta OTT | fy 
‘ bo, ok j 
& - _ 
* 


= 


Li. 


12. 


13. 


4. 


15. 


16. 


17. 


19. 


20. 


18. 


(c) Second | — (d) None of these 
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() 3% ~ er Te 
The percentage errors in the measurement of mass and speed and 2% and 3%, respectively. Th, 
maximum error in the calculation of K.E. will be 


Questions of Exercise 


: %, (b) 5% Q.1.1 Name the several repetitive phenomenon occurring in nature which serve as reasonable time 
(a) 7 : al standard? / L-* ar my 3,/)) [Lhe 2005, Bwp 2006-2008, Mtn 2009, Lhr 2010, LAr 2011) 
(c) 8% (d) 11% | | a a 
| ‘ca le 7 x10727 Ans. The phenomenon that repeats itself after Certaitpintervals of time is called repetitive henomenon 
How many significant zeros are there in 5.00 x10 ‘' which can serve as reasonable timalstan@ard. 

(a) 3 | (b) 4 Examples: 
(c) 4 (d) 6 (i) lattice vibrations ina crystal 
Zero error is the example of (ii) the rotation moon@xOund the earth. 
(a) Personal error (b) Random error iii) the rotation of Earth about its owrvaxis. 
(c) Systematic error (d) All of these 7) cunrise andisunsell . ie) ea 
cares (w Pm DD sew of buildin 
Poor calibration is the example of (v) « Ghange ofweathers. , (VR ~~" J 
(a} Personal error (b) Random error 0.1.2. Give thedrawbacks to use the period of pendulum as time standards? ray 
| ' | (Grw 2003-2008, Rwp 2005, Mtn 2006, Bwp 2008, Lhr 2009,Grw 2010-11) 
(c} Systematic error (d) None of these 


Ans. As the time period of the simple pendulum can be expressed as; 
_|—— has the dimensions of 


Til J =21 

(a) velocity (b) Acceleration but this time period can not served 4< reasonable time slandered due to several reasons. 

(c) Momentum (cd) None of these Reasons: | ee 8 ore 1 359] 

The unit of energy is. and its unit symbol is: ~ {i) time period of the simple pendulum varies with g and g varigs with altitude. : 

(a) _ Joule, j (b) joule, J (i) The length of pendulum may change with temperature (in winter or summer) 

(c) Joule, J (d) joule, j ae ee t of subst: he kilogram and mole? 

ule, : maa \Akhu da we find it useful to have two units for the amount of substance, the kilog an , 

The dimension of light year are | O43 Why co: we find Wusetalze (Mtn 2003, Mir Pur 2006, 0.G.Khan 2006, Mir Pur 2009 
(a) {tT} (b) = [M°L°T] “Ans. Reason: ’ é < 
(ce) [MU T7?] (d)  [M°LT*] When we are concerned with number of particles then We use ies porng are 

4 ; TT | | ee) _ Lobenen rAneainene eoula mober of particies ji-c., ™, = O.Uee 
Which one of the following Is not dimensionally correct equation — because one mole of a substance contal ? : equal munree CF . 
(a) E=mc (b) Ve=Vit at . B ut i n case when we are concerned q) F: nti ov] > | Te tter we use tne unit Se division ica mma 
(c)  S=vt (d) . S=sat’ 0.1.4 Three students measured a length of needle with a scale on which the minimum SNN'" © ts 
- recorded as : a 


The gravitational constant G has dimensions 
(a)  [ML'T’] (b)  [M°L°T) 
(c) = [MU’T*} (d) fML"T°) 
Which of the following has the same dimensions as that of momentum 
(a) Force (b) Energy 

(c) stress ood) Impulse 

§! unit of light year is 

(a) candela (b) Meter 


(i) 0.2145m (ii) 0.21m (ili) 0.214m Wiis 


———j se 
i | = | = . a | 4 iT in | ate 
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atch. What type of errors is possible in time 


- - tad ateimole i lum is measured by a stop W 
Q.1.6 The period of simple pendulum Is me igs Pur gen, Lie SOB Fad 2008 


period? 

Ans. Possible Errors 
There are two types of possible errors: 
\ Cuct + error: Stc “ch may be faulty (zero error ma . Sie St, 2a | 
(i) Systernatic error: stop watch may ? the volume of the sheet correct upto the appropriate significant digit 
. ae | , ses of person (at the time to start or stop the stopwatch). ciacbatcy wan appropriate significant digits. 
(ii) Random error: Negligence and inexperience of person (af the time to start top BE ce ha: 

iz fixed for an instrument while random error changes for every 


: 


| Note: Systematic error remains Length of sheet = £ =3,233m 
observation. _. See : a. = —— Breadth of sheet =b=2.105m 
Qi7 Does a dimensional analysis give any information on constant of proportionality that may appears in Thickness of sheet =h=1.05cm 
algebraic expression? Explain. = 1.05% 107m 


(Federal 2003-2005, Grw 2005-2008) 
Ans. Dimensional analysis does not provide any sort of information about the value of constant of 
proportionality, it can be determined by experiment. But dimensional analysis can provide the 
‘information about the units of the dimensional constants like g (gravitational acceleration), G 
(universal gravitational constant), k (spring constant) etc. 
For example: For time period of simple pendulum 


To Find: 
Volume of the sheet = V=? 
Calculations: 
Volume = (length) x (breadth) x (thickness) 
V= fF Sb x 
Wi = 3.293% 2.105 417.05 x 10°*m” 


fe oA MV 29,.14573825 107m’ 
i & As the factor 1.05 em has the minimum number of significant figures equal to three. Therefore volume 
where dimensional analysis provides no information about the constant 21. recorded upto 3 significant figures. 
Q.1.8 What are the dimensions of pressure and density? V=715x10-m 


(Rwp 2003, Bwp 2004, Mtn 7004-7005, D.G,Khan 2005, 


As the factor 105 cm has minimum number of significant figures equal to three, therefore, volume is 
Grw 2005-2006-2009, Federal 2006, Lhr 2009, Lhr 2010-2011) 


recorded upto 3 significant figures, hence, V = 7.15 m’. 


Ans. fi) Dimensions of pressure: Exam nle 1.2 


| fF} Ima} (Mj{tT 7} ~t—-2; The mass of a metal box measured by a lever balance is 2.2 kg. Two silver coins of masses 10.01 g 
Preccure) = [P] =... == = <—=[ML 1 “he mass of a metal box measured by a lever baiance Is 4.4 Kg. 1wo 5! in 
[Pressure] = IP] [A] {Aj Sr me , and 10.02 g measured by a beam balance are added to it. What is now the total mass of the box 
(ii) Dimensions of density: correct upto the appropriate precision? 
ee a [mj [M] — teat} Given Data: | 
[Density] = lel = ty) = (0) * seo ' Mass of the metal box = m=2.2kg 7 
11.9 The wave length depends on speed ‘v’ of wave and its frequency ‘f’. knowing that [A] = [Lt], lv) = (LT Mass of first silvercoin = m=10.01g= 0.01001 kg 
: — V Mass of second silver coin = m3 =10.02 g= 0.01002 kg | 
] and [f] = [T -]. Decide which one is correct (i) f = vA. (ii) f = ry | (Mtn 2005, Grw 2009) =) ping. 4 = 


. Ans. (i) For f= vi | at Total mass of the box =—mMm= 4 
t Dimensions of LH.S. = [f] = [T] 49) | ar eee” i ess é prays 
Dimensions of R.H.S. = [va] ={LT“}[L) =([LT ...(2) otal mass wien ver Os Sa ae 
As from (1) and (2) Bk Oe i oo 
LHS. 2RHS.  m=2,2 + 0.01001 + 0.0100 | 


So, the equation is not dimensionally correct. 


ma =9 97007 ko 
Th £16 

= ir oe © 
- tT. Wii Git 


| : at | 
j Nae hd 
i ee =a, Le 


+“) fo coor 
(ii) For =F 


i 

, Dimensions of L.H.S. =(f}=(T (1) 7 
Dimensions of R.H.S. = a = ih 

Al 

=(T'] (2) 


From equations (1) and (2), 
L.H.S. = R.H.S: 
So, the equation is dimensionally correct. 
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Diameter of metal cylinder 9 =d=1.220m 
Length of metal cylinder = f=5.35 cm 
To Find: Fa ) rm 


Volume of the cylinder = V =’ | (Mi) 
I 


Uncertainty in the volume = / 
Calculations: . i | ' 


Absolute uncertainty in length © 0.01 em . t 7 " 


ik 0.0lem Hu As dimension of | S limensions af RS 
% age uncertainty in length os 1 | of LHS. dimensions oF R.1L.S, 
© 4icm rid So that equation is dimensionally Correct 


| i , 0.0) cm au | Li , 
Absolute uncertainty in diamete | em TW Derive a relation for the time period of «a simple pendulum (Fig. 1.2) using dimensional analysis, 
yy The various possible {net@ra.on whieh the time period T may depend are: 
| nt , 
As volume (| (;iven Data: 
‘ (i) Lenethof the pendulém (/). 
Total uncertainty in volume © 2(% age uncertainty in diameter) * | taety im length) (ii) Mass 6f the bot (m) 
~2(0,8%) + 0.2% (iii) Angi’? whieh the Ginead makes with the vertical 
“18% (iv) Ageeleration ate to gravity (g) 
| Putting thege values in equ, (1 } lo Find: 
nal Dalation tec the time period of simple pendulum = | © / 
914 40,229 «5.55 _ Vr. 4 —e aS 
Y= —_.——— | 6 JOUR | ints = Gnoe;reni’s ( sleulationa: 
, lie reishon for the ume panod T will be of the form 


(as 1.8% of 6,2509079 = = » 6.2509079 @ 0 1) LU em’ «f x if + e 


Thus V = (6.2 40.1) (em) 
Ps 6.2 (omy is calculated volume and 0.1 mm 


Check the correctness of the relation v \ 
; we 


stretched string of tension F, length ¢ and mass in mm, 
Given Data: 

c ai , I . / 
} Equation \ | 

r 


To Find: 
To check the correctness of that equation 


| | Fx 
" 
yy 


imensions of the L..11.S. of the eqnation = 
= {te | 


Tis ions of the R.HLS. of the equal li i) “ iz . t 
: 4 | ot 


ili t ej 
, {My} 
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. Or = OCT 
or T = constant 22 putting Values, we get 
| | S=  3.0x10°x3.1536«109 
The numerical value of the constant cannot be determined by dimensional analysis, however it can by S= 95x10" m 
found by experiments. 1.2 (a) How many seconds are there in lye? 
. (b) How many nano seconds in 1 year? 
Find the dimensions and hence, the SI units of coefficient of viscosity 1 in the relation of Stokes lay (c) How many year in 1 second? 
for the drag forces F for a spherical object of radius r moving with velocity v given as F = 6nmyrv. Given Data: 
Given Data: | year = 365 days 
Stokes law F = 6n nrv To find: 
Where F = drag force, (a) Seconds in 1 year = ? 
© =radius. (b) Nano segonds in year = ? 
_ And 1) = co-efficient of viscosity. (c) Yeargin | sceond , ? 
To Find: Calculations: . a. 
(i) Dimension of co-efficient of viscosity = ? w h, | “a : gd x 24 hours 
(ii) SI unit of co-efficient of viscosity = ? tt £ i. cS eH eis 
Calculations: : | orar = 165 x 24 x 60 x 60 sec 
G) As F = On tv ees “sole | year = 31536000 sec 
6m is a number haying no dimension, so it is not taken in dimensional analysis. ) eat J 3 1536x100" sec 
Thus (b) As | year = 3.1536 « 10’ sec 
[F) = (nr) and 1 second = 10’ nano second 
or {nj = mM 50 | year = 3.1536 ~ lo’ 10’ ns 
iritvs | year = 3.1536 x 10! ns 
ing the dimensions of F, r and v in R.H.S., we get (c) As \lyear = gee x 10’ sec 
MLT 7} ang Un ed 
Saar OMe a 
gine gra Or 1 see = 3.17 = 10 years a Snes 
a ink = pe as = re ar. -} -1 13 #§©The teeth and width of rectangular plate are measured fo be 15.3 cm and 12.80 cm, respectively. 
(i) Thus S! unit of co-cfficient of viscosity iskgm ‘s Find the area of the plate. 4 
Given Data: 


1 warrice Drea | ry) Length of rectangular plate =f =15,3cm 
Exercise Problems . 7 Width of rectangular plate = W =12.80cm 


To find: 
1.1 A light year is the distance light travels in one year. How many meters are there? Area of recta =A=? 
Given Data: Caleulations: — 


Time = t=) year 
= 365 days 
= 365 ~ 24 hours 
« 365 ~ 24 « GO minutes 
365 ~ 24 * 60 « 6O secorids 
= 31536000 seconis 
= 3.1536 % 10’ seconds Ps 
Spced of light = ye co * 3.00 10 ms" wa 


=. 


To find: 
Distance r+ S=¥ 


Calculations: 
As S= vi (v= c) 


——— 
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m;= 11.8kg 
m4 = 5. 32keg 
To find: | B. 
Add these masses up to appropnate precision 
Calculations: 
Total mass = m = m, + Mm; + m3 + my 
m = 2.18940.089+11.8+5.32 
m = 19.398keg 


As in the given masses, 1 1.8kg is the mass of least precision, having one‘decimal place, which is tf 
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Uncertainty in time measurement east count 8. 0.005 
——— SS A] 


no. Ol vibrations 20 
| PPOs CW} 
Percentage unceriainty In time WV / iW =() 95%, 
0) Wh ed 
Total uncertainty in LZ = oy, uncertain Ly) a j (rif j 2(Veare unceranty in lime period) 
= (1 %42x0.25% | 
=. 1%et). 5% 
- 0.6% 


appropriate precision. 
Hence Total mass = 19.4kg | So p= 9.76 cm wiinO6% uncertaas 
1.5 Find the value of g and its uncertainly using T = 2x, |— from the following (As 0.6% of 9.7685 9.76 » 7, 
: r icnce 7= (9 °/6 + FO) ms 
Measurements made during an experiment . ERE B take + VNR 
Length of simple pendulum = £ = 100 cm 1.6 What are the dimensions and Units of gravitational constant G in the formula F = Gated t 
Time for 20 vibrations = t = 40.2 s ivi Dit ; 
| = : gI¥Ven Lata. 
Length was measured by a metre scale of accuracy upto 1 mm and time by stop watch of accurac = nm 
upto 0.1 s. Gravitational force (= 
Given Data: "oe F 
age of simple pendulum = £ =100cm=1m To find: — | 
== Dimension of G = 
Time for 20 vibration s =t=4225 ee Fy ia 
| t 422 $1 unit of G =7 
Time period =T= on = Sian =2.01s Calculation: 
mm 
Least count of meter rod =] mm=0.001m ae Fess 
Least count of stop watch =0.ls Es 
To find: in - Ge Fr 
Acceleration due to gravi mm, 
Calculations: 
= : e length)’ 
Sinai oF tie (Dimensions of force) «(Dim nsion of leng ’ 


As ume period of simple pendulum is given by 


Squaring both sides , we get 


T= 4n'(£) 
“ 
} veidetl 


Putting values , we have 
i _ 4x(3.14)* x) 
(2.01) 
g=9.76ms~ 
Calculation for uncertainty: 
Absolute uncertainty in length = “mr = 0.001 


100 


Percentage uncertainty in length = 0.001 7 = .01% 


(Dimension of mass) * (Dimension op of mz 


Proof: 


Dimensions of L.H.S of the equation [v, }=[LT”] 

Dimension of R.H.S of the equation = [v, +at] 
RHS=[v,]+{aJ(t] 
R.HS=[LT"]+{LT’][T] 
R.HS=[LT"'}]+[(LT'}] 
RHS=2LT"] 

As 2 has no dimension being a number, so 
R.H.S.= [LT 


Thus RH.S.=LHS 
Hence the equation is dimensionally correct. 


1.8 The speed v of sound waves through a medium may be assumed to depend on (a) the density p| 
the medium and (b) its modulus of elasticity E which is the ratio of stress to stain. Deduce by th 


method of dimensions, the formula for the speed of sound. 
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[My =[[My"" 
[L] ={E | Wiel: *) 
[Ty =(7y” 
Equation powers on both sides, we get 
a+b=0ora=-b...(2) 


and —Ja-—b=1 = ..() 
and ~2b =-1 or b= 5 (4) 
substituting value of b in equation (2) we get 
a 
2 
Now putting values of ‘a’ and ‘b’ Im equation (1), we get 
i | 


¥ =iconstanw p ?E? 


I 

| oa 
Vv =constanl | — 
.P 


Given Data: 
Speed of sound depends on 
Density of medium = p — s fE 
Modulus of elasticity = E | | ip 
To find: 19 Show that the famous “Einstein equation” E = = mc’ is dimensionally consistent. 
Formula for speed of sound v dimensionally a Give Data; | 
Calculations: ‘ Einstein equation E=me" 


s speed of sound depends on the following factors To prove: 
vx p’andv= E° a> 
On combining, we gel » MPA iculstions: 
yoo p* FE” . .. | 


Or v=constant p*E’.........(1) | , 
Where we have to find the values of powers a and b 
As the dimensions of 
Velocity = v=[LT'} 
Density =p = ———— =(ML”} 


volume | 5 


Elastic modulus = E = Sree as = [ML 5 lg Le 
strain th 
dimensions of stress =[ML°T“*] « Get an =) 


Strain is dimension less, because it is ratio - 
Now, writing the dimensions of beth sider Obie equation (i) 


(LT'] < Constarit [ Mi 
Or (LyT") “MeL KE) 
comparing the dimensions ~ rete we get 


¥ 
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Calculations: - 


As given 
a oF 5 Chapter 2 
any” 


on combining, we get 
ann vy" VECTORS AND EQUILIBRIUM 
a = constant f y" a ET — 

writing the dimension of both sides, we get 

[LT] =Constant « (L]" « (LT ")” 

[L]'[Ty? = Constant « [L]"* "(Ty 

comparing the dimensions on both sides, we get 


(Ly = (Ly 


(Ty =(y) 1, Understand and usé rectangular coordinate system. 
eamphon powers % . fe Pe US Ses 2. Understand the idea of unit vector, null vector and position vector. 
n+m =| (1 | 


-m =-—2 
m =2 — ..,(2) 
putting value of ‘m’ in equation (1), we get 
n+2=] 
Or n=—| vad oe 


PELE E ELE TTT EEE ETT 


3 Represent a vectonas two perpendicular components known as rectangular components. 
4. Understand the rule of vector addition and extend It to add vectors using rectangular components. 
5 


Understand multiplication of vectors and solve problems. 


__ Define the moment of force or torque. 
# ppreciate the use of the torque due to a force. 


Show an understanding that when there Is no resultant force and no resultant torque, a system Is In 
eguillibrium. . 
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3d 
Physical Quantities 
Quantities which can be observed 


d as well as measured are called physical quantities. 
OR 


Force, velocity, displacement, torque, momentum, acceleration, weight, angular velocity, electric 
intensity etc. 


3 _§ Quantities in ans of which all the /aws of physics can be expressed are called physical quantities. 
€1.° 72% 2 | Types of Physical quantities 
i et H = 4, >) oo . a 1 5 
4 tet Bae: (i) Scalars (ii) Vectors 
ELclewMs 2s 2 . 
eilslizg “ASe (i)Scalar 
E | = A | A physical quantity which has magnitude onfpis called sealar quantity. 
fe| | 3 Examples 
| a | 5 a Time, distance, mass, téMpeérature, speed, enerey, work, volume, area. electric charge etc. 
= ’ : eau 
at Wet : (ii) Vector 
|= l< A physical quantityWhieh has both magnitude and direction is called vector quantity. 
5 2 * Examples 
i t i 
—> ee 
F 
y, 


ou table 


First Condition 
e Paratooper 


=F 
e Jkwk Lwing 


How isa vector represented? 


| Examples: 


ti 


l 
I 


Vector Representation 
A Vector 15 represented in two ways. 
{i) Symbolic representation (ii) Graphical representation 
Symbolic Representation . 
it is represented by bold face letter such as A, d, r and v etc. It can be also be 
cap enone by a /effer with an arrow placed above or below the letter such 


ctor and Equilibrium 


Lo] 


component Sy 


‘Vector Product | 


» Torque =r, fF 


| We 

fe 
=e 

E 

| 

se 

Lt] 


of u Vector by 
its Rectangular 


by Rectangular 
components 


Determination 


CONCEPT MAP 


g' 4 
— E: : as AorA iain, 
i" wu . « | 
| = Graphical Representation 
é : d at its o 


ne end. The 
cc tcord nen to suitable 


It is represented by a straight line with an arrow hee 
length of line represents magnitude of vector ps 
scale).Arrow head represents the direction of vector. 
Note: 
Representation. of magnituc 
The magnitud 


Vector 


COMPORCHE Of 


“al 
a | 
— 
Oo 
fee 
| 
== 
= 
" 
a 
| 
Wf 


ect VECtOF is 
ented by ight face 'e 


Position Vector 
Position Vector 


Equal Vector | 


: > 
g & 
= a — « ' 


_ 


Co-ordinate svsiem 
Null Vector 


Rectanyvular 


Types and |. 
Multiplication | 


Addition 
| Subtraction 


Vector algebra | 


Two dimensional coordinate system (Plane) 
if the system consists of wo perpendicular lines then it 
Gore system. 
ion of a vector in plane 


is called two cimensiona! 


it is represented by the angle which the vector maxes with posilive x- 


axis in anti-clock wise direction. 


. 


Fig. 2.1(a) Fig. 21m 


nensional co-ordinate systems (Space) 
i the system consists of three perpendicular lines, then it is called 
ional co-ordinate systems. 
on of a vector in space 
it is represented by Uiree angies which the vector makes with x 5 


ibe the addition of vectors by head to tail rule. 


Head to tail rule 


it i 8 graphical method to add two or more vectors. 
Explanation | 


Draw the representative — Pine i B Join the tail of 
vector B , with the head of vector A Joana at vector A with head 


of vector. 


ive 


am I 


Shor vi 


Chapter [Vectors And t quilibri, 


For Your Informatic | 
Lh plane av ' i ie ” 


- + 

| roquares to rtpresem! a veg 
whic iree Arig 
foquared fo TCpPrcachl 6 we» 


| @ space 


divest nent revered 


us Inf 
The reverse process of vector 
addition called resoluton 
) oof vector, 


rman 


ae wo vectors A and B. To subtract 8 from vectors 
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This ine Pives ine Maren tude OT resultant VECTOr I? The direction al 


resuitant vector is from tail ctor -\ to the head of vectdeR 


Commutative Property 


From figure, it (Ss Clear that either we add A to B or Rigi. the resultant is same 12 


it means that when vectors are acdege ie result 1s the game for Any order of addition 


Mence, vector addition is Commutabye 


Explain the following témms: 
Resultant vector 
Multiplication of vector by ascalar 


Hi) 


Vector subtraction 


Unit vector 
Equal vectors 


(v} Null vector 


si) Pee Mn 


‘= 7 bl 


(i) Resultant Vector 
tiector whitch has the same effect as the combined effect of all the vectors to 
be addéd is called resultant vector. 


(ii) Vators Subtraction 


of a vector is equivalent to the wodition of wine vector with i 


First, take the 
pve of vector 1 |-iB)ntovetor A. wah 
A Bs =A + BD 


Kor 7 oul Inform: ret 


D otes the connimutative baw 
) Multio r | — — — 


7 vector can a bea 4 
1. a positiven oa nt 


ae te’ 


| ae ve our ‘Information 


Wevtirs subticoghiven diate TT | 


————— 
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"5. Multiplication with scalar quantity 


When avector A is multiplied bya 


whose dimensions are equal to the product of dimensions of n and A 


Examples 


» Product of mass m and velocity v v is momentum| p= mv v] 


> Product of mass m and acceleration « ; is force| F=ma 


== 


® Product of force F time timpulse [1 = Fx i} 
(iv) Unit vector 
A vector whose magnitude is equal to one with no units in a given direction is 
called unit vector. 
it is represented by a letter with a cap or hat on it. 

Mathematical Form 


L) 


t 


If A is a vector with magnitude A, then A =AA 


OR 
Examples at 
> Direction along x, y and z-axes are represented by unit vectors hk 
respectively. 
® unit vector rrepresents the direction ofr. 


> unit vector n represents the direction of normal drawn on a certain surface 


(v) Null or Zero Vector 


Itis represented by O 


yr 
Example 
| > Sum ofavectorA and its negative vector (- A ) is a null vector, i.e. 
l — o —* 


A +e(-A )=0O 
> Sum of vectors taken head to tail along the sides of a closed polygon is 
mull vector 
(vi) Equal Vectors 
Tie vectors are said to be equal vectors if they have same magnitude and same 
direction regardless of the position of their initial, ints. 

Example SOE] yy, 


Pi * Tid ff ¥ apie 


Two parallel vector A and Bof samme magnitude and direction are equal vectors. _ 


‘a 


*, 
a 
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scalar quantity n, then the product vector will be a new physical quan) 


Resultant of unit vectors | 


| ard ; IS /2 


A vector whose magnitude is zero and direction arbitrary is called a null vector. 


ss 
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What Is meant by component of vettor and what are rectangular components? 


(i) Find rectangular components of vector. 
(ii) | How can we determine a vector: 


from its rectangular components? 


. Components of a vector 
or Your Information The effective value of a vector tia given diréetion is called component of a vector. 
A vector may split up into two opfMdre. than two parts these parts are known us 

components a! vector. 

Rectangular Components of Vector 

The components of @ vector wich are perpendicular to each other are called 
reclanvular components. 


Explanation 


Consider awector A which makes an angle 0) with x-axis as shown in figure. 


OM is projection of veetor A on x — axis and ON is projection ofvector Aony- ~ 


axis 
By head to tail rule \ 
OP = OM + MP [As ON=MP] 
OR Ae A.it+Aj on a 
7 = = | * . bis Bat 
Thus A.i and Aj are the components of vectorA . inte i and A,j are at 
_right angle to each other, so they are called rectangular com itS- 
X — Component of A p 
in right angled triangle OPM, = 
F fr Your infor 11: ition : —— =cos0 ‘ 
Position vector of origin t 3 
null vector, 
The acceleration of a bod) « ( 
~ moving with uniform velocit) : 
is null Lae 7 
—— OP aes 
For Your nfo rmatiee Lue ae de 
Two like | naralle] vector a Pe 


equal _magnit a cs are 


rt oi 
eE——E—— EE 
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A= JA +A, = (A) 


wG=—— < —————— | The process by whch vecion om 
(Ai aa ” | 


> ohtamed from ig ree Leroy 


Cormponents 15 called composiiag 
ofa woouls 


The vector which represents the position of a point or a particle with respect to 
fixed origin ts called position vectar. It ls denoted by : 


, component of vector rr and OR is the magnitude of x-component of vector k 
Explanation From figure 


in (wo dimensional coordinate system (plane), the position of a point P (a, b) is | 
represerited by =e ; a 
q tals) al 2 a 
nitude of this position vector Is 
rede 4b? 


The ma 


—" i 
a | 


raja A 
In Hiree dimenstonal coordinate system (space), the poston of . point P (a, « 


larepresented by 


Pealvb oak 


q | i 1 = 
. a a ae, | . 7 . y a : 
' 
i ’ . 
7 ry ® - bowl? 


and its magnitude 


X- Component of Resultant 


OQ is tht magnitude of x-component of vectorA , 


his shows that the sur of ae a «components of A and B is equal 
to the magnitude of x-component of resultant vector R . 
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the method of addition of vectors by rectangular components. 


' f P Soy SS Pe 
= ee = 


re a ee Sl r if rae 
PP ESciligw Uy (ire aes Oh 2g i '2ao Show 
= e 
s ficure. By need to tail rule the result tw Vet oe: ed i 
‘an io _ = 7 mm Lat al _ al mt * LL ee — + wee Lee ae . FD , in L 3 a i = 7? 
“yj 


Fecolye the vectorsaA , 


MS is the magnitude of x- 


OR = O0+0OR 
Or  OR#OQrMS [since QReM5} 


ee eee ele 


Componatl ih Beran 


, Poy k a) ar 
OF npen tae UE 
2 _ el ure 


R=Ri+R,j 
Putting values of R, and R, from equation (1) and (2) we get, 
R =(A_ + B. i +(A, +B, )j 
Magnitude of Resultant Vector R 


The magnitude of resultant vector R is 


Se JR, 4 R? 


man} 
Direction of Resultant Vector R 
The direction of the resultant vector R is given by 
EN fi 
' land=| — 
cw 
Or 
(4) 
in General 
For any number of coplanar vectors A,B,C, D, vecvecesersee WE CaN write 
Bs fA. 4B +, 4...) 4(A, +B, tC, tenn) 
And 
: {A +B. + C +. =) 
GO=tan'| 
i +B, +C. th enacsacen, 
Summary 
{i} Find the x and y-components of all given vectors. 


(ii) 
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Since Ri and R, j are the rectangular components of resultant vector R , hence 


| and 1} then its magnitude is " 


| Special Cases: 


: R =A-B ° if both R, and R, are -ve , the resultant lies in 3"° quadrant and its 
If 0 = 90° direction is 
R= JAtB =180"+ ¢, 
; If R, is + ve and R, is -ve, the resultant lies in 4" quadrant and its 
= direction is 
“Do You Know? : 


| The sum of vector whieh forms the 


| sides of open _ isnoteero,. MULTIPLICATION OF TWO VECTORS 


Add x-components of all the vectors to find the x-component R, of the resultant vector. 


And Equilih. , 
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Q.8 How can you determine the angle 0 of the vector Rb 


. components y its rectangular 


Determination of Angle (0) 
1) First find@ by the following relation, 


b= tan” Fa 
ie} 


4 J 


Table 2.1 


Where = the angle which R makes With nearest x-axis 


2) By the signs of R, and R, find.the quadrant in which R lies as follows: 


" If both R, andeR,~ are positive, the resultant lies in the 1" quadrant 
and its direction is 


For Your information 


if Ro is the resultant of vectors A O=% 


a. tac if RL is — Ve.and R, is +ve, the resultant lies in 2™ quadrant and its 
Re JA’ tB’ +2ABcos0 direction is 
0=180 — 6. 
if oe Oo 
Ram “A+B 
if O= 180° 


9 = 360° - 6 


Vectors can be multiplied in two ways: 
(i) Scalar Product 
(ii) Vector Product 


(ii) Add y-components of all the vectors to find the yeomponent Ry of the resultant vector. 


(iv) Find the magnitude of resultant vector RK by using 


(v) —- Find the direction of resultant vector R by using 


(R. 
= | =|. ; 
0 = tan [= 


Where A and B are the magnitudes of vectors A 


and R and 0 is the angle between them. 


| Ph ysical meaning 
Dot product of two vectors is equals to product of magnitude of one vector and 
the component of the second vector In the direction of first vector 
From figure 
A.B = A(projection of B on A ) 
0 AB =A (magnitude of component of 3 along A } 
. 
A.B = A(B cos) 
Similarly 
B.A =B (Projectionof A on B ) 
BA = B (magnitude of component of A along B ) 
| B.A =B(AcosO) 
Examples 
1) Work |s scalar product of force and displacement 
[Ws Fed] 
2) Power is scalar product of force and velocity 
| (P= F-v] 
3) Electric flux is scalar product of electric intensity and vector area 
[@, = EA] 
4) Magnetic flux |s scalar product of magnetic field strength and vector ar@a 
(4) = BA) ) 
Q10 Write down the. characteristics of scalar product of two vectors. 
- Characteristics of Scalar Product 


(i) Cormmutative property 
Scalar product of two vectors is commutative 


if A and B be two vectors and 0 is the angle between them. Then 


> 


—_——s a 


press 
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B.A=ABcos0 


SPP C hae a 


From equations (1) and (2) 


= i = if in 


(ii) Perpendicular vectors 
If two vectors are mutually perpendicular 


Fig. 2.10 (a) 


8 = 90") to each other then, their 


A 


scalar product is zero. |.e. a: 4-10 (D) 
et 5 
A. B= ABcos 90° 
A.B =AB(o) 
i | eri Le tad = 
Fig. 2.10 (bo) A fg | A 
In case of units Vectors, 0 =90° 
e J= (1) (i). cosgq = 4 (4) (0) =o 
Similarly i. k=0 did k-i=0 + 
Thus Tes ———_—___> 
—-> 
(li) Parallel and anti-vectors 0=0 


lf two vectors are parallel (6 = 0°) to each other then their scalar product is equal 
to the product of their magnitudes. |e. 


A, B= AB cos 0° = AB (1) = AB 


5 : = _ This is the positive maximum value of scalar product. § = 180° 
Sint “If two vectors are anti-parallel (@ = 180°) then their 
scalar product is negative, 


A, B- AB cos180"= AB (-1) «AB : 
: This ls te ss ia maximum value of scalar f product. _ 


a | \ J & - 
- 5 ie Me 
x iD 
9 4 


i oy 
. 7: I - f S ; ~. ‘« | 
, -_? 1 te s ~ 4 y - 
se . r e = ris 
To —_ evPanRAyr ix ao ht ee me fa 
‘% = = = om jas ae. pe ‘- ? ; : 
- a ’ 
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= | represents the Cirection of A» B 
= = iz — = = : 
B= £ _ - T= | == D — Be a i Bb i 
A. Lt A ax 5=5 1+B5B_ )}=+5.k _ Examples 
—_— er a e - ¥ _ = — - = ™ 
Li A — — = - =— B . q - Bi — = | os ham | ‘ | 
= A B Gis 45 +4 8 . 
*AB.G0-+AB(j\9+AB.Gk 
| 
AR kA BR 2 vi i 1 
- ro =, 18) aS. oe ‘a rt Leow © ec 
- AG AF n ° Bowe you G Ewing 
= a = 2 aio J 7*A_ SB. < fs Ss 
; 5 = “ | ; sf . & , \ 
*AB(D-ABN)-AB | EXPLANATION. 
= 7 2 . = ie ; . 
-_ 2 8 eee 8 be > 
zx 2 * 2 
A B=AB =A BS +A | 
- 5 = = 
'S tose = AS. -AB.+AB. 
= .~ a _ = 4 _= 4 —_ Se Ss ees Te 7 Pa 
- see = ie zs i | 


‘s ee AB, +AB,+ AB_¥ ~@ A.gnd 3 be two wectors anc © is the ange between tem. Then 


| fSCIGR of vector srocuc - is 3 can be found by Mgmt rand quis 
rally 
am he Gis of the tac eceart te a eee 


— Bitheougn smaller of se SecljpossiBleiangies Curt the 


. 


(iii) Parallel and 4 Ane arailel Vectors 


The cross product of two parallel (8 = 0°) or two anti parallel (6 = 180°) vectors is 


‘a null vector. i.e. 
In case of parallel vectors 


= AB(O) n=O n=0 
parallel vectors 


—_- + * 
AxB=ABsin0’ n 
In case of anti — 


Ax B= ABsin180°n =AB(0) n=0 n=O 


(iv) Self Vector product 


The self product of a vector A is mull vector. 
AxA=AAsin0°n=AA(o) n=0 n=O 
In case of unit vectors, 


=(1) (1) (0) n= 0 


i Xi=(1) (1) sin 0° n 
Similarly 


(v) Area of ramiieain 


Ogram formed with these vectors taken as its two adjacent sides. 
pane of parallelogram = (length) (height) 

= (A) (8 sind) 

#AB sing 


= magnitude of (Ax B } 
- Area of parallelogram = iS 
(vi) Vector product in Rectangular component Form 


der two vector A and B in space, than 


As A, i + A, j+ Ak and Be B, i + Bj B,k 
AuBe (A, i ’ A, + A heyy (B, i +B,} + Bk) 
, AB Gx i) +A,BG x))+ A,B,C xk) 
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hig a eerie of cross product of two vectors represents the area 


Why do you Keep your legs far 
| apart when you have to stand 
_ the aisle of a bumpy-riding 

| bus? 

|} EXPLANATION: 

When you stand in the aisle of a 
bumpy-riding bus, you are in 
unstable position and you may 
fall. To make you stable, you 
keep your legs far apart, so that 
your base area may increase and 
the line from C.G may pass 
within the base area, so no torque 
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,* A,B, x1) +A,B, (jx j)+A,B, (xk) 

+ A,B, (kxi)+A,B (kx })+A.B (kxk) 
= A,B, (0)+A,B, (k)+A,B (-j) 

+ A,B, (-k )+ A,B (O) + Ay B. i) 


+ A,B, (j)+A,B, (-1) AB. (0) 


=(A,B, ae A,B, )i Ce _ A,B, )j+0A,B, - A,B, )k 


‘c tior is the one or 


Torque | aie : “aba which an 
Definition object rotates. Torque is 


| the tendency of force to 


The turning effect of force produced in a body about an axis is called . 


45 


The Si -unit of torque 's newton meter (Nm) and its dimension Is | ai 


Examples of torque 
© Tightening of a nut with a spanner (wrench). 
* Aseesaw rotates on and off the ground due to torque imbalance 


44 Calculate the torque due force acting ona rigid body. 


Torque in a rigid body 
Consider a rigid pony a< shown in figure. Let Fis the force acting on the 
body alt point P, ris Baar ach vector of P with respect to pivot O and OB is 


the angle satin Fand r. 


Resolution of force F 
Resolving the force into its rectangular components we have 


spanent of force perpendicular tor 


Ecos = component of force along the direction of r. 
Torque due to force about O 
As the line of action of Fcos® passes through point O, so the torque due 
to this component is zero. Hence torque due to force F is equal to the 
torque produced due to Fsin@ and is given by 
r =r(Fsing) 


OR fr =rFsing 
in vector form, 


r =rFsinOn 
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For Your informatio, 
Torque |s importa / 
the operation of ele, 

motor which is Used | 


vacuum Clean 

dishwashers, comp, 

printers, videocasse) 
| recorders, Wale 


pumping stations etc. 


cf 
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r= (r sinO)F 
r=rFsinQ 
in vector form, 


Or r = r FsinOn 


Direction of torque 

Where n represents the direction Of Pand is perpendicular to the plane 
containing r andF . It cami be found by right and rule. 

Important Note 


® Torque isthe counter part.of force for rotational mation. 

*" Torque plays thesame role in angular motion as force plays in linear 
motion. 

= Torque determines angular acceleration as force determines linear 
acceleration. 

Ls 


Anti-clock wise torque is taken positive and clockwise torque is taken 
negative, — 


: Torque acing on the body will be zero, 


In this case angular acceleration is zero, so torque will be 


r=la is iacten etatiaeaiemens 


What Is value of torque if the body Is at rest or rotating with uniform 


Can You Do ? 


decirvase ful yuu 
unstable eqpunubrwm and 
muy ial) cown, 

line from L.' i wu 


the ha pe rth. 


2. Dynamic equilibrium | 
if a body is moving with uniform velocity, it is said to be in dynamic 
equilibrium. 
Examples 
=" Acar moving with uniform linear velocity 
* A body is rotating with uniform angular velocity 
__* __Motion of a paratrooper 
Q.17 State the two conditions of equilibrium. 


First condition of equilibrium (equilibrium of forces) 
The vector sum of all the forces acting on a body must be null vector. 


1.€. 3; =O ~ (1) 


in case of coplanar force, 1st condition can be expressed as: 


\F, =0 (2) 
And TF “ie 


Where 


>: F, = sum of x-directed forces 


YF = sum of y-directe 


Note 
* if the rightward forces are taken as positive then leftward forces are 
taken as negative. 
* if upward forces are taken as positive, then downward forces are taken 
as negative. 
s Forces which lie in a common plane are said to be coplanar. 
Second ition of equilibrium (equilibrium of torques) 


The vector sum of all the torques acting on the body about an axis must be null 


vector. 


_i-2 


‘ions the said to be in complete equilibrium? 


am 6 aie Maal 


Can You Do? 


| With your nose touching the | 


end of the door, put your 


» feet astride the door and try) 
| torise up on your toes. 


EXPLANATION: 


When you try to rise up on 


your toes, the line of C.G: 


will fall outside the base 


area and you may fall. 
Also in this case, 


apts st 
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1. We will apply the CONditions of 
forces are coplanar 


2. To calculate to torngue we 
i) ares Ae we Choose an axyic The position of So 
: © place is one through which jin 15 arbitrary 
DeS5. e of action of Many forces 


; ry ' 
equilibrium to stUations ip. which ail th 
ul the 


: Do: you think the rides fate ' 
€ rider in the figure is real! dang 
C 7 = l = 7 
| Persons Below were removed? 5 really in danger? What if 


EXPLANATION: 


In danger because the lime” | 
base area. The rider Will be 
are removed because. now, 
© base area. 


| If the | persoiis are removed 


then effective cent 
} pfichon' er of 


Ore unstable condition. 


| Commutative law for vector 
addition 
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| Magnitude of resultant (R} R=, (A, +B,)' +(A, +B,) 


| Self Vector product of unit | 


| of vecto AandB 
of vectors A ant vectors | jand k 


‘Direction of resultant (KR) 


Vector product In terms of 


| Av B @fA B, =A FR . ‘(AB ‘ 
rectangular components | ' 


of vectors A andB_ 
| Scalar product of two vectors : 


iy ‘Sealar  produrt of two 


Area of a parallelogram and . ae 
| «BeAbsmt 


™ | vector product 


trina 


| + condition. of equlitrium 


* condition of equilibrium 


y. 


Vv 9. 


——— . | ima ary @&:)eeR 
hoot pou sy aes Ph 2 eee er Ae 
Ls i — - : 


Prch cael the scaler Quantity 
ib) 


(ch) 


1) maT 
mm, wTeotye™ 


Additien of wexton obeys 


vt cm@rnulativwe we (b) 
ie) mamoatve law (a) 


ber of components of a vector may be: 


ja) OM ib) 
iA three {a } 


= = ? ' 
' i 0 . ’ 
u | | e j vi, - 
J q : = = = 
q 1 — = 


he dpe hycot (3 \ fhe civryl ansy c/ 
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FE 
torque 
impulse 


distributive law 


all of these 14. 
Iwo 
infinite iS. 


Two forces act together on an object. The magnitude of their resultant force Is minimum when the 


act at 
(a so (b) 


90° 
QO” 


Maernitude of resultant vector of 6N and 8N which are perpendicular to each other is: 


(a) ia (6) 
ic] aU (d) 


Two vectorsare A=ii¢ 2)-k,B e~%-2j+k, then 


+ 


(b) 


ic} Both ab (d) 


if a force of SN ts applied parallel to moment arm of Sm, thent 


Wf A Bed then Ax Be 


———S 


aaa oo Se 
—- oe eC le, Axi? is equal to: 


LU N 
2N 


: Lg. 
B is negative vector of A 
is perpendicular to A 
rque is 19. 


SNm 
ONm 


180° 


area of parallelogram 


Bedale ~~ Pay sic 8 XT (inde ja clive) 


(a) TULL t cy Civuge siiling 
ii) jaar imnel(er,y ay! pa alle lings PTAL 


Wrmagnitudes of scalar and vector Products of two wectors are tame, then angle Detween them is 


Teh 
(a) ‘| Lin i 


(c! oo ti 


i) 
Heverte process of vector addition \a « alle 

(a) negative oa vector la 

te resolution of a vector (| (Otel ating of «a wectn 
When a ve lor is multiplied Ivy a negative number. th direction 

(a) Does not change ib ar iby a0 

(«) Change by 2/7 (dd) fhanewes bv 1 


The minimum number of vectors of un-equal Magnitudes, whose vector dum can be nero |e 


Two forces Oct together on Gn object the magnitude of thelr resultant is maesimum when the angle 
between the forces is 

(a) Q* i} =" 

(«:) ifn” a) 


Wf AxB points along s-anls then the vector A and © must be in 


la) nVlOne (b} vi - plane 
(c) <p plane (a) All of these 


Avectorin@pacehas  _ rectangular components 

la) one (b) two 

(c} ihree id) infinite 

What Is the angle that the given vector makes with y-axis? Aw Die wll) 
fa) 30° . (b) 60° 

(c) 90° (d) 120° 

if for two non-zero vectors A and B, A . B © 0, the vectors will be: 
(a) parallel (b) perpendicular 

(c) anti-parallel id) 60° 
Which pair contains one vector and one scalar? 

(ili) Momentum; Velocity (iv) Power; Speed 

(a) only (i) (b) ony (ii) 

(ic) both (it) and (ili) (d) only (Iv) 
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Short Questions of Exercise = q 


or and (ili) components of a vec 
I) Unit vector (li) Position vect | bie Sal 
Q.2.1 Destine uharnins : | (ihe 2006, Fad 2006, Grw 2004 2008, Bbwp 2008, Mtn 2009, Grw 210, Lhyr 2010, 


(i) gona ge A magnitude 's ne with No units in a given direction |s called unit vector, » (ij) if the vector lies in 2™ or 4” a sth c mali iar components will have opposite siens 
represented Dy a letter with a cap or hat on it. : ry Pi 
Mathematical Form \s | 
1 A is avector wath magnitude A then A = AA Fite Ye 
3 ~ 


= = ¥ ; ? 
| A | 0.2.4 lf one of the rectangular components of a vector Is not zero, can \ts magnitude be tera? Explain. 
(a) Basition Vecto 


(0.G.ithan 2004, Mir Pur 2004, Lav 3004, LAr Povo, Grw Jor) 
The vector which represents (he pos 


» of point or a particle with respect to fixed origin is ca Ans. Wo, its Magnitude Cannot be rero. 


© 


“ Reason 
pagan vector & is denoted Dy c 7, ee, WH 2 es 
in two Semensona! coordinate system (plane), the position of a point P (a,b) is represented by The magnitude Coase. is. given by oe 
A= |/A4*°+A4°+A 
\ 
dinate system (space), the position of a point P (a, b, c) is represented by This, equationeSiiows that magnitude of the vector will be nero Only when af of it rectanguee 
— | components are zero. 
: =2i+ bi - ck Q.2.5 Cana vector has components greater than the vector’s magnitude? 
—$$_$<—__—— (Rwp 2008, Ur 2004, Mir Pur 1009, Grw 2009." 2071! 
om of a wector ; 
The soy craqecrpssstith a vector ina | gen ¢ direction is called component of a vector. A vector may 


to vector S magnitude Thea rompone 


_o aa C as shown in figure. itis clear that sum of the vectors is ® 
incides with the head of the last wectc 


Qua Vener A kt 4 mri For whit erin wl Ot ter 


SS coeter fos tn; re” 


bone 


ee is) 
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Explanation 


O.2.7 If Ad R= O , What can you say about the : 
me he heir sum can be 2 


Ans. Sum of their respective components will also be null vector os 
Explanation | perpendicular and of the same length? Perpendicular vectors of equal lengths are also 


if Ax Aol + A.J} and i B,1 + H} Ars. Consider two VECTOrs 4 and B 
45 Shown.in figure 


Then A+B=O at \=B and angie between two vec tor is 90° 
wear i ‘BI » i) Oi +0) By using head to tai! rule | 
= (A, j + A, )) + (B, | + B,) =O0i +0) | 


OR (A, +B, )i+(A, +B,)) #01 +0 R=A+Biy and R’ eA - 5 
Proof 


Given] 


Comparing the CeTICHa of iand| on both pa we have 
A. C and A, *5, 20 
in vector ieee Re ide + (By? 4\/a2 ae 


Magnitude of R aad fh’ 


re +B, =O and A, +B, ~O 


Q.2.8 Under what circumstances would a vector has components that are equal in magnitude? ' (2) 
tr From eQuations (1) x, (2), if ‘ clear 
Ans. itis possible only when the vector makes an angle of g h=R’ 3) 


Proof | . 

5 ™ Angle between RK and R' 
Let A, and A, be the rectangular components of vector A SINCE Abe 6 

if Ae A, 

OR Asinod =A cosé 

OR sin = cos0 

OR 


From figure 


ZbOM« / NOM = 4s" 


OR @= tan tan” (1) _" >» 
Q. 2.9 Is It possible toad 


d ; vector quantity to a scalar quantity? Explain. (Seo 2005, Bwp 2008, Mtnt 
Ans. No, itis not possible. | 
Reason 
. Both physical quantities are different in their physical nature, scalars have magnitude only’ 
} vectors have magnitudes as well as direction. 
: Scalars can be added by simple arithmetic rules while the vectors can be 
algebra). 
eer neve we null vector? (Grw 2005, Bw 2008, Uw 2008, Uw 2008, Or 


ans. 
aS 


I ferent physical quantities, one is scalar and th ot Paes - 
swe Can not add zero into a null vector, : ive 


added by special viel . 


Ans. No, their sum can not be ero. 


R =JA'+B?__(1) (¢A-B=0 asALB) 


2) (:A.B=0 asA1B) 


From (1) and (2) itis clear that : 
R=R’ 
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(Federal 2003, D.G.Khan 2005, Fsd 2 
were to be combi 


0.213 How would the two vectors of the same magnitude have to be oriented, if they 
to give the resultant equal to a vector of the same magnitude? 


Ans. itis possible only when the angle between two vectors is 120° 
Explanation 

if the two vectors are represented by two sides of an eg vilaterc 

triangle, then the third side represents their resultant such that 

A=B=R as shown in figure. In this case the angle between two 

vectors is 120°. 


Q2.14 The two vectors to be combined have magnitudes 60N and 35N. Pick the correct answer from th 


given below and tell why it is the only one of the three that is correct. 
(i) 100N (il) 70N (ili) 20N 

Ans. The correct answer is 70 N 
Reason 
Bim of two vectors is maximum, if they are parallel 

2 ‘<a Tih 
~ Siim of two vectors is minimum, if they sre eppasite to each other. 
x i.e 60 N+ (- 35) N=25N 
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a 


0.2.95 


0.2.16 


“tet vas velocity of ship X 


jeetirve 
y 
—— ee r 
SES ee 
i s 
a | F 7 
oripe i fox 

(yt if) di . t J i as | a ar F ; ‘i oe "" ; Li Se a 25 ot i « 7 | a sis leat - ; 

a, PVG? £555 and wwii eva o | er “So ar €, ad Beater Bar 

r Fl = bh fs -~ wf ‘ ia 4 v ; - 

ar oie = Nat . ” # a ey C + Pe Fe i a yi = 9 r | 

Ponies | 7 dee ee PCM Oe oti 


“pinata the side« of tlesed 


vectors oO} ic ota ' ity ¢L.ere fe) +i a's Oo Bare * deat a. 


- all ioe «te sot of See 
i, pa | F { : a a , 

iri Se ae - fSCLOTS will aT i ff#ro 

Reason 


In this Case, the nead of the , 
pincer Sith) tre Bell of ene Ciret weetor ca » i , 

= ts —_. = = a - 4 P a a — *} - ? pe iil F F FL’ i : ; 

: ee igi nae _ oe a i} ea } iF, ie! r J. 


= 


mnie fesultarit . fern 


(a) Two ships X and Y are traveling in different directions at equal speeds. The actual direction of 
motion of X is due north but to an observer on Y, the apparent direction of motion of XK lies north- 
east. Theactwal direction of motion of Y as observed from the shore will be 


(a) East (b) West (c) South-East (d) South-West. 
(b) The. actual direction of motion will be due west. 
Explanation 


vy = velocity of ship Y 
Va—Vy = velocity of ship X relative to ship Y 
OA+AB= OB : 


Or 
Vx +AB =¥s—¥) 
Or ABS; 
This shows that vy isdirected apposite to Al no jai id 
le, due west a SA ail 
vie Sa, ay COAG 2 ei 


Ans. 


(a) Foo 


Explanation 


Resolving F and W into rectangular components along perpendicular the inclined plane, we hay, 


F cost) — mg sin8 = net force acting up along the plane. 


0.2.17 If all the components of the vectors A, and A. were reversed, how would this alter A, «A? 


It would not change 


Explanation 
5 - A A a 
Let A, @Agl + Ay] + Ayk 


=" A A 4 
and A, Ay! + Ay] + Ayk 


(Mir Pur 2005, Lhr 2006, Bwp 2007, Grw & 


Explanation 


\ We know that direction of A, x A, \s perpendicular to the plane containing A, and A, as show 


figure (a) 


le A, x A. 2 ( A.) a | A) 
Alternate Method 


2 in this case. 
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feaiels 
J " 

Then, K.x K, _ Ay 
| a AY A. 2 


A.x Ay A,2 
when components are reversed |e 


— 


Ps n A A 
A, - Aix = Ar | — AK 


and = A,'=-A,,/ -A, 7mm 
A Ay fA f 
* ea 


> + 


then A,’ ¥. A," = = fi eer A 
ti ‘Ty ™ W 


-~_ > +> + 
50 A, x A, = A,’ A,’ 


Q.2.18 Name the three different conditions that could make A - A, =O? (Mtn 2006, Bwp 2006) 
Ans. if A, and A » are two vectors then 


Ax A, =AA,sinOA p 


Conditions , 
A, x A, is zero if 
1) A,orA, Isa qull vector, 
2) A, anc i ire parallel. [i.e.,0= 0°] 


T= 


-_— | er eae 
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Reason 


yu _  endy may move or rotate with uniform velocity. 
Because in dynamic equilibrium booy Mey move or 


TI i statement iS true fxample 2.1 
ib) The second statement is True : “< Snes nee: Res 
from an origin O in km as shown ip Fim 
(i) What are their position Veetipye 

sit an (ii) Calculate the distance between the fe Acroplanes 
Q2.20 A picture is suspended from a wall by two strings. Show by diagram the configuration of the s Given Data: 
for which the tension in the string will be minimum. 


aaa = | id to be in transi 
1. this case 1”-condition of equilibrium 's satisfied and the body is sald to A, SEGNSiog 
itt iis Lo ee 


4 any 


| Mstant are represented by two points A (2,34) a 


equintjoum 


Ans. jet the prture & suspended from wall by two strings, 35 shown in figure Resolve the tension im | 
rectangular components To Fin 


a ’ Paosition Vester of first aeroplane =r =? 
} S F. =U gives (i) P 3 


Tani} = Tsind = W Position vector of second aeroplane =r, =? 


: . | (ii Pistancesbetween the two aeroplane =r=7 
FT sin GO = W | } (11) plane 
Calculation: 


| (i) ~“ASsposition vector r in three dimensional space is given Dy 
, r = ait bj + ck 
————— \ ~“"Thes position vector of first aeroplane A is 


cot ieee ol to Ste Sr 
OA =r, = 21+3j 74k 


6 


Tern FO 


i Ww 
oe sy 


eae gent 
yy, 


Thus, the tension will be mirurnum if strings are verticol & 5 
Aes Ne tact powoe a ~ < bs ee Pe : 

-eazico” | "Es " 
oe this case, the line of action of force (weight) pasiea throug Qly 


AS calf 


M wide of firtfore = Fy, = ION } : 
Magnitude ol second force = I"; ALY 
Angle of first force = Oy = 30)” 
Angle of second force = 0) « G()” A 
To Find; | ; 
, 1 
Resultant forces F =? — 


Calculations: 


Step (i): 
x-components 
The x-component of firatforce = F,, = F, cos 0; 
= lO cos WF = 10 * 0.866 = 5,66 N\ 
The x-component of second force = F), = F) cos 0 
=J) xc OF = 70052 10N 


y-components 
The y-component of the firm force 


Fi, = Fy ain 
elif xan MP =10%05=5N 


The y-component of the second lorce= Fs, = Fy sin 0, 
70 «ein 60° = 20 * O8R6O= 1) GIN 


Step (il): 


The magnitude of a-component F, of the resultant force F 
Fo= FF), +P 
FP, = 5.06 4 10 = |8.66N 
Step (ili): 
The magnitude of y - component F, of the resultant force F 
Pye Fy, + 2, 
Pye 5417.32 = 22.52 N 


Step (iv): 


The magnitude VF of the resultant force Fr is given by. 
Fe ae 2 je 3 
F = /(18,66)* + (22,92) 
r= 348.2 + 498.2 
4 a v4 6.4 


Direction of the resultant forme Fi given by. 


1 | Pa i ' -; ‘ 
rae FF 


a 
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Find the angle between two foros OF ex 
also equal to the magnitude of either of | 


Given Data: 


jual Marnit 
hese ine ra nee he magnitude of their resultant is 


* * = 
~ Ct «ar are tha pe, ; 
Let F, andl, are the givesf@rces and ‘R Petheir resultant 
F F . 
ry I 3 vite F (sav) 


Let angle of I” farce = Op = 0 


Ay f) "a =e f oa if Tce () , {) 


To Find: 
Anglé Between forces > 0 
Calculation: 
The %-20mponent of the resultant ts: 
Fo hy, * F 3. 
F,= F\cost; + Fycosb, 
or  Ep=F\cos0” + Fcos8 


i” Fsin®s ¥ rE _ 


F = F,sind As sin0’ = 0 
Now the magnitude of the resultant is: 
(F, +F,cos0)' + (F,sin0)* 
inc aid. =F,=F 


a) 4 i! 
F oH ee 


gt dee Co GER a 
r we 
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Scholar "s PHYSICS — XI (Subjective) 


Example 2.4 


A force F =2i +3) units, has its point of application moved from point A(1, 3) to the point B(S, > A.B =¢ 
Find the work done. Magnitude of vector B is- 


Given Data: 


Force ar 

Firstpoint = A(I,3) 

Second point = B(5,7) 
To Find: 


Putting values of A’. 
Work done =W=? as | 
Calculation: Projection of A on E 
The position vector for point Ais: r, = i +3} 
The position vector for point B is: £=5] +7} 
| ae i J The line of action of a force F passes through a point P of a body whose position vector in meters 
Now, d =~ ly is i- 2 +k. if P= 2i- ~3j+4k (newton), determine the torque about the point ‘A’ whose position 
—t 
d =(5 +74\= Gi +33) vector (meter) is Uitit+k. 
i. ’ Given Data: 
d ; 5 | + 7 j ma i = 3 — . . a 
a ; Foree= F =2j) —3j + 4k 
4 d=4i +4) The position vector of point A = rf, tT, =2ji + j + k 
Thus, 


The position vector of point Sian ? 4 7} ; 
To Find: 


Work done =W = Fr. aq 
W =(2i +3}). (41 +43) 
W= gt 12 


,. Torque about point A= t=? 
-aleulation: 
j The position vector of P relative to A is 


AP =7 r=n-f 


Find the projection of vector A= 2i-8j+ki in the direction of the vector B= = - 4j-12k. r =(1 2) +k)-Q@i+j+ k) Lens 
Given Data: r =i +2) +k-2i-j-k ce ete way 


"Gi ehie * 


* =F fa wv 
Fe au an 


A’ =2] -8]} +i 


B =3i -4} -12% 


To Find: 
Projection of A’ on B =A cos0 =? wih 
Calculation: IS fi ss. 
Let @ is the angle between A’ and B then, | “SE xT, i 
XB = ABcos0 eo? f 
Or A cos 6 -A.B Senet ie 
Now RB =(2i =8j + k).Gi -4j - 12k) 
A.B =6+32-12 


— XI (Subjective) 
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Example 2 


71 
he To Find: 1 
A wil is suspended by two cords as shown in Fig. Determine t | 
maximum load that can be suspended at P, if maximum breaking a covered by the man = d= 
ess Calculation. 


stress of the cord used is 50N. 


: Let beam can rotate about 
Given Data: point A. 


Maximum breaking stress of the cord = T; = SON Be a at a distance d from the pivot points 
Angles made by the cord are ’ id yt condition of equilibriung about. point A 
8; = 60° and 6; = 20° Le. 2T =O os 
Pig. 2.15 6 x 400 — 400 x d-200x3=9 
To Find: 2400 = 400 d + 600 
Maximum load at P = W = 400 d = 2400 — 600 
Calculation: 400 d= 1800 
Resolve T, and T2 into rectangular components. . 1800 
Applying the first condition of equilibrium for x-components. 400° 
LFy— 0 gives: 


The manmican walk a distanéée 4.5 m 


T; cos20° — T; cos 60° = 0 n from point A. 


utting values, we get \ Z : a 
T;«094-T,x05=0 T, Rnee o va 3 T, Sin 2 A boy weighing SU0N is Standing at the edge of a uniform diving 
0.5 T,; = 0.94 T; = ret : board 4m in length. The weight of the board is Z00N (Fig). Find the 
_ 0.94 T, forces exerted by pedestals on the board. | 
i= cat ka Given Data: 
Ty= 1.88 T>. ....5.€2 Weight ofthe boy = 300 N 
; (1) M Weight of the board = 200 N 
As T; =50N, then from equation (1) Lengthof the diving board =4 m 
 b 
t* Ts 
. 50 | To Find: 
Geer ) | Force exerted by the pedestals on the board =? 
T>=26.6N. Calculations: 
Now applying First condition of equilibrium for y—component. a SG treab lee pape a Ae! * oar ats 
F.=0 
LF, ® 7s | Applying first condition of equilibrium . 
T, sin 60° + T> sin20°- W =0 As ZF, = 0 gives no information because there is no force acting along x- 
Putting values, we get axis 
_ 30x 0.866 + 26.6x034=W Now EF, = 0 gives 
43.3 +9.04= W Ry + Ry — 200 - 300 =0 
Or = 52.34 N OF Ri +RQ=S0ON ron (1) 


Applying seco 
~R, x A 2 : | 
ia) “300% = 


riample 2.5) 


A uniform beam of Z00N is supported horizontally as shown. If 
the breaking tension of the rope is 400N, how far can the man of 
weight 400N walk from point A on the beam as shown in Fig.? 
Given Data: 
Weight of the man = W, = 400 N 
Weight f the beam = W> = 200 N 
Breaking stress of the rope = 400 N 
Length of the beam =: ¢ = 6 m 
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— 1 What is the unit vector in ¢ 
| she noint P(-2, -3 + a Si . is the unit vector in the direction of the vect Andi 43} 
ir ‘Su ose, in a rectangulst coordinate system, 4 vector A has its tail at the point P(-2, —9) and ig Given Data: the vector A=41+3}) 
ut or (3,9) Determine the distance between these two points. A=4143 
~iven Data: Ons, 9) To find: 
i Point P(-2,-3) 7 Lingt vector = A =’ 
Point Q(3,9) J y/ Calculations: 
o find: ces ~—F a f By definition 

Distarice between points F and Q=r=! i. 4 | 

<4 3 af a's f oF al Oi 

Position vector of point P= ~~ 21-3) ; 2 


Where A is the maguiflillimef vectomA ,which is given by 


™ 
x) ——_ * 


Position yector of port O=1f,= 44+9) —_ 
AeA = 


yt (yp * 4 = _ yy 


= Displacement vector from point P to pin Q=r=h- 4% 


putting Vali, We Bet 


ee ic 
eaiesn=! esliies gaa) > 1b+9 = 25 => 


s. 2 


its P and Q =Magniode of | t a= J/x'+y 


are patil are — at 1, =3i+7j and : =-2| +3) respectively, Find both the magnitude of the 


Meet t “f j, and its orientation with respect to the x-axis. 
ge sir) 
a A certain corner of a room is selected as the origin of a rectangular coordinate SY iy 2 Location of second particle = © =-2i+3) _ —e - 
y is sitting on an adjacent wall at a point having coordinates (2 ,}), where = units aren To find: eth” *s Se 
hg is isa the insect fram this corner of the room? 5 dained | 
ven tei ; « 


| i position ,of ject from comer = PQ, 1) 
Coordinate of origin = O(0, 0) 


ect from corner =f ™ q 


7 OR 
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a iat 75 
B= 3i-4) | 
To find: 


Magnitude and direction of (a)C=A4R 


Calculations: 


Putting the value, we get 


C =(2i+3))AGI-47) 
9 = 38.6 pdr. 2 C= 5-9 
As the resultant lies in 3 quadrant so direction 15 
9 =180°+ @ 


= ono 1 22 6° 
@ = 180 + 38.6 = 25+] 


Now magnitude of C sC= 


= 219° Appro 
2.5 Ifa vector B is added to vector A, the resul 


t is 6i+j- If B is subtracted from A the res 


—4i + 7j . What is magnitude of vector A ? 


oe «© -— 9 
* . 


A-B = _ 4i+7} eae 


Magnitude ofA =A =? 


Adding equation (1) and (2) 
(A+B)+(A-B)=6i+ J ~4i+7) 


eS he 
= - 2 > " b - 
+ P 


26 Given that A= 2i+3j and B 
p<3A-28. 
A= te3j 


LT 
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eo | _ bn A = re .: R = A 4}. + 
2.7 Find the angle between the two vectors, A=5i+jand B=21+4) i. = 


Given Data: 


IA , d = 
A =5i+J 4 = (61+ 47)- ~(2i-7) 
es d=6i+4}-24) 
Calculation: en 3 
ap A.B = A Stee Now work done = W = FE. d 
AB . Putting value, we get 
ee ee g : 
AB We (3142 j). (4i+5)) 
hat W=(3)(4)+(2)(5) 
A.B = (Sit j).(2i+4)) W=12-440 
A.B =(5)(2) + (14) 
A.B =10+4 2.9  Showethat the three Vettor i+ +k, 2i-3 j+k and 4i+ j—5k are mutually perpendicular. 
a Given Data: 
A B = 14 x , * i 
=i+j+ 
The magnitude of vector A is ] 4 J 
= /(5)? +(1)? = ¥25+1=/26 =5.09 B=2i-3j+k 
= /(2)° +(4) =V44+16 =/20 =4.47 C = 4i+ j-5k 
) er ) To find: 
Putting value is ‘equ’.... 
ng Value ts equ ....(1) To prove, these three vector are mutually perpendicular. 
ae et 5, 
606 08 a ) Criteria: 
§.09%4.47 a B=0,8.C =O0and C.A=0 
cos O=0,164 . These three vect ctors will be mutually perpendicular if A A.B=0,8.C =Oand C.A = 
8=cos” (0.614) a4 Calculations: 


2,8 Find the work done ae the point of application of the force 3/+2/ moves in a straight lind! 
the point (2,-1) to the point (6, 4). 
Given Data; 


Force F= 31+27 
Point A (2,1) 
and = Point B (6,4) 


aearcnesyxayd) 


To find: 


work done * We ? 
Caleulations: 


The position vector of point A(2,!)" 7, «2i—) 
The position vector of poirit B (6,4) = r, = 6/+4/ 
If displacement between points A and 1 is d, them 


————————————— 
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COA - (4i + j . 5k).(i4 j k) 4 
C=8 units east 


CA = (4)(1) + (10) + (5) To find: 


C.A=44+1-5 (a) Ax B (b) AxC (c) Bx 


C A = () Calculation: 
This shows that C and A are mutually perpendicular (a) A x B=ABsinOn 


Result: As angle between A and B (i.e north and west)is 90" 


Thus all these three vector are mutually perpendicular, because their mutual scalar products are 
zero, Ax B=ABsin90°n 


putting values, we get 


2.10) Given that As i- 2 j+ +k and B« 3i-4k , find the projection of A on B. 
— Given Data: AxB =4x3,7 S90" = | 
A=i-2j+3k ARB. = 12 fi 
R * pe 4k Direction: 
To find: According to right hand rule, 


Projection of Aon B= Acos0=? 


Calculation: 
Let 0 is the angle between AX’ and B then, 
—)p + 
A.B #=AB cost 


fb) WAxC=ACsinOn 

As angle between A and C is 90° 

or A cos 0 = AB ENS (1) A Goetenor’ 

Now Ax C=32(1)n 
A.B =(i-27+3k).()-0)-48) 

A.B = (1)(3) + (-2)(0) + 3-4) 


B= 


2.11 VectorsA,BandC are 4 units north, 3 units west and 8 units east, respectiv 


(a) Ax B (b) AxC () Bxc 
Given Data: tod + 


A=4 units north 


B=3 units west 
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¢ about # given point is given by IxF where r is the, i ji 


given point to the — of application of iE. Consider a force F = i+ j+5k (ne r=|0 -1 1| 


). What is the torque in N m about the origin ? 


312 The torque oF turning effect of fore 
frum the 
acting on the point 7i+3j+k (m 


Given Data: 


Fe (3 +j j+5k) (newton) 


= (71+3}+k) (meter) (b) in this case 


a9 4{-j+b2li+b 


= r = peek —i-k 
—> — n ~ 


t= (1i43j+k)x (-3i+ j +5) diag or Ss 
J ae (— ~ 


9 determinant form we can write the cross product 4s, Now using the formula 


<—_ = 


= IF 


2 =(-j-j)x-2)) 


r= 14-38} +166 N 


of force, F=i-2j, passes through the 


Ge x) Find (a) the moment of F about the origin, (b) at moment of 


“which the position vector is ~ i 


, oo 


F=1-2] 
Position vest =r = -j+k 


a2 eC HO 2 [Vector Ang 5 


SECS = Xi ijectiny 


a) AB sin@ = 6 orenn——{2) 

Given data: 
ABsin@ 6 Weight of the Bridge = w, = 8000 N 
ABcos8 6B Length of Bridge = 21 9 m 
nO Length of Bridge span between Supporting ends =O ‘ 


cond G Weight, front wheels =w,<_ . 
' r= id 15 =— of 
cag u ; «1 = 5000 N 
tar : F eight on the fear w heels = a, = — ay 1s oe = 16.000 ny 
. Distance bet Ween front 1 wheel and rear Whee! = 

6 = tan*( FR To find: 
3 Forces on the Bridge Supports 
p = *) a F, on 7 


2.55 A Wad oh 18.9% i unpendes from « clothes line. This distorts the line so that it makes an a Cotaiatious: 
Wiha rrr TA yet er oe manne ts the hate fon 

Load = W = {OM 

Gif 


Applying the first condition of equilibrium ra 


2s F, = 0,008 there is no forte along X-axis 


Dow applying ) F =0 
+E, WeW, “W, 0 
F, +F, -8000-10000-5000 = 0 
F, +F, = 23000 ~) 


pe | Temil-Tesif <6 
OK — FGail Tenis 


Mow mpeg F Fy = 0 


Ta iP +t Sait -w - 
BaaIS «w 


- 
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A spherical ball of weight SON is to be lifted over the step as shown Ip 


the Fig. 2.23. Calculate the minimum force necded just to lift it above 


Apply first condition of equilibrium alone , 
the floor. 
Given data: 
Weight of spherical hal! =W=50N 


Height of the spherical =h=5cm — = 
i \ \eco i: 


Radius of the spherical ball =r=20cm 
To find: +f _ rcos 30) W-n 

Minimum force required to lift the balls F=? _ 
Calculation: LaaOnre 


| i | : 
il | 
1) Shh 


| | | ty = a 
| | j 


and CD=CE-DE — * 
CD= 20-5=15cm Or |T=)F6N 

From the night angle triangle OCD Putting (his Walue RGU Lye cel 
(OC)* =(CD)* +(OD)’ (Pythagorean Theorem) P=11. 59% 

(D)" = (OC) -(CDY = 5770 


op = (acy -(Cpy 


Scholar’s PHYSICS (Objective) 
Part I & Il 


OD =V175 
OD = 13.2 cm 
or OD = 13 cm (approx) 
Take point ‘O’ as axis of rotation and apply second condition of 
equilibrium i.e. r= 0 
Fx AO-W*« OD =0 
Fx 25-50 x 13 =0 
F x 25 =650 


= 


218 A uniform sphere of weight 10.0N is held by a-string attached 
to 3 ini Honless wall so that the string makes an angle of 
A with the wall as shown in Fig. 2.24. Find the tension in the 
String and the force exerted on the sphere by the wall. 

Given data: =. 
weight of the sphere = W = 10N 
Angle between string and wall = @ = 30° 


To find: 

_ Tension in the string = T = ? -. 
Calculation: 

Resolving T into two rectangular components T_ and fey 


4 ay 


Limitation of average velocity | om. 
Average velocity does not tell us that the motion is steady or 
oath is straight or curved. | ees 
f a squash ball comes back to its starting point after bouncing of the wall severa 
times, its total displacement is zero and also its average velocity is zero, 

Unit and Direction 

S| unit of velocity is m/sec (i.e. ms). Its dimensions are /LT jt is a vector 


variable and the 


quantity and its direction is along the direction of displacement. 
Instantaneous Velocity 


th 


The limiting value of de , ay time interval At following the time t, approaches 
: At 


to zero is called instantaneous velocity. 
Mathematically 


Explanation 
Consider a body is moving along the curve as shown in figure. The body moves 


from point A to point B in time Ar. Let 1, is the position vector of point A and 
r, position vector of point B then displacement of the body during this short 
time interval is 


= =—f 


Ad=r,~ 


lf value of Aris small, the value of Ad will also become smaller. When 


Atapproaches to zero the point A approaches point B. In this case 
approaches to a Iimiting value called instantaneous velocity. > 
Note 
The average velocity of the body may be zero even though its instantaneous 
velocity Is not zero. 
Uniform velocity 
If the body covers equal displacements in equal intervals of time, the body is 
Said to be moving with uniform velocity. 
Non-uniform velocity | 
If the body covers unequal displacements in equal intervals of time, the body is 
said to be moving with non-uniform velocity. : 
Condition for uniform velocity 
i the average and instantaneous velocity of a body are equ 
with uniform velocity. 


‘the body is moving 


a ee | m : 
\stantal velocity does not change, the body is sald be moving with 


— 


Chapter 3 [Motion ¢ Fe 


For Your t 


_ 


scholar’s PHYSICS ~ XI (Subjective) 


acceleration 2 ) =" 91 


The time rate of change of velocity ofa bo dy is 
unit Called acceleration 


on sj unit of acceleration is m/sec” The dimen 


yoical Soeceds 


[LT] 


Direction 
Som > Acceleration Is a'so a vector HUANtIty and the dj 


Kan ~~ the direction of change in velocity N OF atcelBration ic along 
wv =a ees Average Acceleration Pas Your lnforinas 
SOAR) Barth arma tp | r ‘she # Cees: nrormation 
1000 Mow wewwdemeen The ratio of the total change in velacily fo. the ¢ 
—_ nan 3 a is ie fo i , 
Le en ie average acceleration. fal time faken is called 
"’ i ty ob w 7" —"t. ’ ‘ ib | co ' 
vy ake re (a Let v, is the initial velocity of the bodywhich changes to the fist vdlaciul! 
Po Hurewng chemtam in time, then the change in wélocitipis | Pbvitnals JME 
100 raters aah iy | 
: = Re 1 Tr a | Ls =i 
a frei be : oF ) _ / er 1 
A. ‘Sheath eaten V,~—¥, = Oey = Change inwelocity 
oat baggy A easurement of mass independent 
A chew, - rt 


Then, the average aoceleration is gravity. The unknown mass m and 


@ Calibrated mass mm. are mounted on 


iven by 


~» a light weighi rod. If the masses aro 
= V; 7 amare the rod will rotala withou! 
2 _ woOOble aboul its centre. 
ay 


L ae Do You Know? _ 
Instantaneous Acceleration — 


The 


— Ac i 
luniting value of —— as # a . : , : | ; 
& of Al as the time interval At, following the time t : | 


O : approaches to zero is called instantaneous acceleration. bo t 
Mathematically } 


2 3 4 
time (a) 


How the displacement of a vertical 
thrown ball varies with tle? ’ 


| EXPLANA MATION: 
BE Bathiiearcel, The variation of displacement 
- ei acce leratl a on : _ with time Is parabolic. 
a ie velocity of a body is increasing its acceleration |s positive. [aa 
Negative acceleration aps 


_ IT the velocity of a body is decreasing, its acceleration 


be cue to change In 
|) magnitude 

il) direction 

il)} in. both of above 


- preys acceleration is also called reta dation or decele 
i dition for uniform acceleration 


| a: i i 
ee 2) Taw mL ie 2 = 
es! a 7 a q j i 4 | = « . eis ; _ ene ee’ “y le ie - 
—<__— ' aT ee “a " ik =e i i ; a } . : 1, f_ wl 1 j , a ri F it a | , 
=y — — Serre Fr [* 
_ 


= co ' *F i 
= 
» 4% 
i 
4 


Case || 


vy hen the 5, ‘j / "ives wil 


' re *' i aici al j ar 
acceieralion.,, the weiOcey e Fray 
shawn m {gure 
. ’ fs 
Destance covered by te bocy * “ 5! 
. base) (hepnt) 
i i 
; 
* 
| 
a 75 
\ 


Case i) 
When Ow bDOOy reeves wetn ror uniformly incre 


nomenon ectelersiien), the veiocity-time graph is 
in fgpure 

Note 

The magnitude of instantaneous acceleration is 
langant ot thet pout 

Hgnificance of velocity -— tirne graphs. 


* Slope of the velocity-time grapn is equal to averuge ace leration 


asifig velocity ‘i.e. with 


acurve as shown 


equal to the siope of the 


© Area unger te velocty-lme graph 4 equal to disfance Covered by 
Uve body 


Wie Gown the equations of motion for uniformly accelerated bodies? x 


Equation of Motion for Uniformly Accelerated Bodies 


Concer, © body is moving with uniform acceleration along a straight line, WF its 


iritiel velocty 4 v and after time interval its finial valor ty become vwthen 


ha : 
(i) wit vw oer tii) ¢ swt ar’ 


(iii) aa wy . "ie (hy) 


Now to apply these equations in problems 


* These equations are useful orily fof Unear Mollah, with 
acceleration “we 


When he Object moves slong # atraight Une, the didaction of 
m caes not chonge in n ouch ‘seses, ‘ ban can be treated 


“ll 


| where ~ 4 be ented like scala 
of initiat vlc tt porlog ™ 


rs 


—— 
—==$— — ———=_ 


with uniform 


< an inclined straight line with time axis as 
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Fig. 34 


DO YOU KNOW 
Velocity Lime eran ny 
never perpendicular bom , 
a4is as it represent me 
Acceleration 


i a 


a 


Veloaity ie ante $ 


Vom. the fies ha of 8 
| Yélocity goo on Gee 
and then becomes ™ 
| maximum height Aa® 

tie chem moves in ae 


Q4 Discuss Newton's laws of motion briefly. 


: . ; : : 7 
| ( i. Newt | on . 4 f | 
* 
Zz . 
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¢ Amegative sign is applied to alt those 
opposite to that of initial velocity Quant 
« The above equations can sien b 
9150 De anole ; 
bodies by replacing a by g *pphed to free Jal motion of 
about acceleration due to Gravity (g) 
In the absence of air all bodies fall 
the action of gravity with uniform 
gravity. \t is denoted by g 
its average Value near the surface of earth is. taken 
measure of strength of gravitational field 


The yalue of z decreases with height as well as depth, and 


Mes whose direction is 


freely sitar Ve furface of carth wader 
acceleration Called acceleration due to 


as Dkeveer’ Mig a 


it has the 


maximum value at the poles. it Gan also Be defined ax gravitational force 


per unif mass. jie. gravitational field strength ge f | 


About Newton's Laws of Motion 
Sir isaac Newton published his ernpirical laws of motion in his famous 


‘book “principia” in 1687.These laws holdgood for bodies moving with 


smaller speed as compare to the speed of light. 
For fast moving objects such as atomic particles in accelerators, 
relativistic mechanics developed by Ablert Einstein is applicable. 


Law of Motion / Law of inertia 


, will remal ahalannad 
eo oat couse bo do on, malas = 


Mathematically, it is expressed as 
F=ma 
Where F = applied force on body 
m = mass of body 

2 =acceleration produced 


OM Sah A PO SO ER le 


Do you Know? 


aes zt] 


wet gorse mgerdieas af 


; Que wera 


| Ad the ues af bs 4 a 
| a «2 Fei 6 | 
argiqibie Gieects fall ou Ge | 


Acuriing Ww hewhom ihe f oth | 


| contre, wil force of guvay [he 
| xcoleration ¢ der te grevity he 


Corce @ Caled eee it of ee bee 


W=-ng, when pg ~ © = iin 


Oe eee 
| ie (Rates ‘(wee igh am! 


 Gowly EQ es -  omete 
ow o- 


squalia magnitude and opposite in direction. 


 ¢ ith @ach other nen, action and feactioni 


ie | ngth of time They never act on the same body 


Inertia 


The property of a body due ta which it tends to maintain its state of rest 
or iniform motion ts called inertia, 


Explanation 
It ls a natural resistance to acceleration that all objects have. The greater 
the object's mass, the greater this resistance. So, 
The mass of the object is a quantitative measure of its inertia 
Examples 
* When you make a turn while driving a car, you move the opposite 
way in which the.car turns the corner. 
© You get pressed back in your seat when an airplane takes off. 
* Your face Is smashed against the windshield if your car suddenly 
stops against A brick wall. 


Q6 Define and explain linear momentum. 


Momentum 


Mathematically 


“p=my 


s Where ¢ Pp =the momentum of the a ane 


m= mass of the body ya, hr _~ 
v = velocity of the body : 
Sace 5 is 8 vector quantity, so oe : 
5m a8 quantity, so momentum |s also a vector quantity 


iS Same as that of velocity, 


——— a —_ ren | 


The product of mass and velocity of moving body is called linear momentum. | 4 opens fire? What happens 1a. y 
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Gche 


_inietesiing WIGImay,.—~ 


unit | 
; | " of mome ribit | kg ih tec or ‘N-herc —— 
- iil ae "S SIM@nGinne aca fn 
Sh sical meaning of momentum ne a 
when Ke Soe Ste THOVINE With differen... 
oo trie faster at bi Velocities, nen it is 


af 
ia : Dee = P j i om a difficu i i oF 
- ;, = r ‘ P ee TFs OoOonies rt . ‘e rir ; 
ane i laa | en, C teriy: when two DO” ont SIVerent Masses are OVER with 


if ¢ difficull im § if 38 Lil 


EX?LANATION | , shows that the moving Cody has a quai 

| THiS ae tring | a nag ES 4 / Gue LO which It @xerts a lorce on 
tahing that ies to stop it. The qualin’ of ~ heen 

anyUung , j TT] cy vie DOdy which describes the 

quantity of motion is calle a momentum. | iy 


@ Massive ore IME WElOCities 


When a moving car stops) 
Quickly, the pPaisengers 
move forward toward the 
Windscreen. ‘Seat belts | 
‘change the forces of | 
motion and prevent the 
passengers from moving : 
Thus the chance of injury is 


= —— 


greatly reduced. : 
EXPLANATION: 
When you fall towards 
¥ | | | forward direction, you 
alle —_— = | +r ee "EL Lic: ce aa , . apply force on the belt, A 
— How force ad momentum are related to each other? State Newton's sipiish the belt pier 
— second law in terms of momentum free ee sent. inuikiack 
| Hurt to Pander ' direction and thus you are 
A car sccclerites alone 4 aot saved from injury. 
Which force actually moves Ge | : ; = 
car’ ?  ™ Momentum and Newton’s Second Law of Motion 
vas ANATION: | ~ ~ 5. 7 ree 
7 | = | 7 i = 1 Point to Ponder 
Keacvona, (orcegt ie road ts acta Consider a body of mass m moving with velocity v, . A force F is applied on 7 
ne Die ‘9 fet ihe car. I 
expe al We Gal stavplp srotale Ie bait time t and its velocity changes to vy 
| WRCEIS Bul COGS TIONS Te tration produced by the force is 
= = —_ 
oF Your ink hai leo me vy Vi (1) . 
| First few of motion gives tee ce i ne Gea 7 | 
i Cefinition Ofyforce While secon’ me=arGing muNgwtan's second law of motion : yy 
jj} tw give the measurement & : eine te | 
i force Me Pama es eee : a — 
: | Us ; ‘in equ 3 49 MS 
POINTTOPONDER |e S488ion (ain (2),wehave * i 


" 


ign BY 


vale 


a 


What is tle effect on the speed of A y | 
fighter plane chasing another whet 


FumX 


fle gave i 


3h mle oP) map a 


speed of pursued plane a 
retums the fire? 
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: - ; | vation of Momentum 
fea | | a —s , nservation rT} um 
. Ths 6 more general forth of Newton's second law of motion. Because it can | im You lifer), ie gw of OO | | | 
Pasily he applicable fal the Cases when mass i5 changing. 6m mor ) reme ) P : og rau Koy if 
) She BChery) v jinear momentum ofan Ltolated SVStemn rornen: | Which will be more | 
For example pre sie ™ remains constan | effe 
: fuel is burt and ejected to = do eee 
As rocket accélerates, it loses mass because Its Tue! is burnt a aetan solated system of two smooth non- Pun L es 
provide greater thrust. | ating hard balliiys Bassecm | i . iad bullet or 
. ” ; with velocities y y, and ew KE ei a lead bullet of the 
: ynd My moving : v2 in the 2AM Giraction such that v, ic peated cael 
| | - | EXPLANATION: 
Lo “he : shan va (.@ Ver¥3). The tw ‘pea inl . : 
| y Your Nair acts tke eater than Vv, (Le ¥ 2) 0 balls collidewand their velocititis changes t For knocking the bear | | 
§ crumple (soft) FONE OF yoy | f wa ie v impulse = Fxt acts on the | 
| skull, A force of on eh and y)' respectively. Let | Gear. In using the cubber ——_ 
| When large force acts on a body for a very short interval of time, then the naked “skull cranial li ef = force exerted on m, by.m, will be smaller (due to | 
: product of force and time for which the force acts, is called impulse of force. | Bony part), but with 4] . : ~” | bouncing) and impulsive 
Mathematically covering of skin and hair j F= force exerted on maby Pa force F will be larger but in ar 
=) oak force of SON would bell according to Newton second law.of motion | Case of lead bullet, the time ) 
' - {ij needed. Why It is so? , ~* -* | Of collision t will be greater | 
| Unit . EXPLANATION: | 2 Yom Yi | (due to penetration) and | 
, S unit Of impulse is kg-m/see or N-sec. It is sam that of |i er re dene? oe oad ia | 
. : a | near moment er. Theretore, | 
€ a5 (Nat Of linear Momentum. a soft rone. For naked shy & the change in momentum of mass m, is e le 


rubber bullet will be mote 
| effective, to knock-down the | 
| bear. | 


The dimensions of impulse are [MULT “). It is a vector quantity. 
Relation between impulse and momentum 
According to Newton's second law of motion 


a force of 5 N is sufficien - 4 

to fracture because in tha |) op mv, — Mm, ¥; oF xf 
case time of collision athiy . . 

smaller and the impulshe |f Similarly 
force F will be morell 
effective. In case of th} 
covered skull and hair, att |) 
greater and the force Fel 


(3) 


Thus, impulse = change in momentum of the body m, vm, v, ;+m, v.- —-m, v, =F'xt+Fxt 


angous change in momentum of body due to impulsive force is called 


r = wee jo m, Vi~m, v, +m, v,- —m, V, r-(P+E x 
- Does a moving object have : 


Seite of impulse 
pt p wepelial 


Some times the applied force is not constant and it acts for short time. é.g. when 


eh, ae wie Newton's third law action 
| No, When the body is a 
| — | 
a bat hits @ cricket ball the ball force varies from instant to instant during .| ™eving uniform velocity a) - 
: collision. In such cases it is more suitable to deal with force and. time (i.e then F = 6 so impulse Is 
impulse) instead of either quantity alone. Ne eee 
Impulsive Force When the body Is moving 


| with variable velocity thet | 
 forceisa ting co 


Porce acting on a body for very short interval of time js called tmpulsive forc 
| | e. 


aa ‘What is an isolated system? State and explain the | 
$) ‘ * of linear momentum. — aw os conservation 


i. ; ee aiiles of a gas anciona ina eo vessels ata 
i —_, onsta temperature, 


aie, 3 


- Be, 


— — -- a- 


with each other their velocities becomes v,' and vy Te ectively a as shown - he 
According to law of conservation of linear momentum a . 
mavirmnv,= mv eney 4 
OR TVs V = MeV 4-IMgV, on i 
OR tet v4) = mv, Wy) (1) 
i” megane is perfectly elastic 


r 
a an 


jlision? 


Do Vo = 

= Condon 4 
, | gt oh eee men 0 
Elastic and Inelastic Collision collision lay 
Elastic Collision : Bed Ne rallac " Smog 
* we . t kinetic energy of the system is conserved, Is called ‘Noe “ and he, 
The collision, in which kinetic ener) Olaling 
| | * Impact par ara Neb 


elastic collision. 
Z£T0. (Head ¢ Ph, 
| Col 


Example A vine 
Bouncing back of a hard ball from a marble floor 's approximately an elastic 
collision. 


Inelastic Collision 


The collision is which the kinetic energy of the system is not conserved is called 


inelastic collision. 
Example 


* Bouncing back of a hard ball from sandy floor 
® Collision of two tennis balls. 


Note 
Momentum and fotal energy are conserved in all types of collision. 


Perfect elastic collision can not be possible. 


Q.42 Show that relative speed of ‘elke is equal to relative ‘Speed of separation for elastic 


one dimension. 


Elastic Collision in One Di n 
Consider two smooth, non-rote bod hard balls #1 esses jet and ig Beat at in such a walls. that the 


né@ along the same straight line 


Before collision 


Dividing equa jot 


(Vv) — Ya ( y~ Ya/ 


| eee f 
Vit V,=V stv; 


OR Hepes 
Ap Va- V2 =W2-V | eee eS (3) 
OR — (4) 
Where | . | 
ly, - v2) = magnitude of velocity Of first ballrelstive to ceenae ball Betdre the collicion: 
ly Ay 4) = magnitude of velocity of second ball retative tn firee ball ater the collision. 
Hence 


Relative speed of approach = Relative speed of separation 


0.13 ~ £ind the expressions fér th®velocities of two bodies m, and m, after 


elastic collision in one dimension. 


Determination of velocities after collision 
We can calculate the velocities of the masses after collision by solving equations 
(1), (2) ang(3) se “i. 
Velocity of mass m, (i.e. v,’) 
From equation (3), 

WSU v4 


eee | 
Using equation (5) in (1), we have 
MY) — v4) = me [vy — V2 + V4) — va] 


= OY — M2 v2 + m2 V4 = my Va fit 
7 . - -— 
v4 = PAV, — M2 Vit My Va +.M) Ve (or 9) 
(m, + ratiinetanns M2) ¥, + 2M) V, 
\a aol ' 


ne) 


Velocity of mass m (i.e. v,') 
Using equation (6) In (5), we have 


Case | 


_ When m, and m, are equal i.e. m, = m, = m (say) 


in this case, equations (6) and (7) become, 


ha 2m 


(m+m) (m +m) 
Yi =v, "4 
2m 2=—s 2m 


ne. ee 


™ +m,) | 


one dimension. 
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r (m,-™) , , ae, ¥ 
" (™m, +m,) (m, +m) 
(m—m) 4. 2m (O 
¥\ = Gn +m) (m+m) 
v; -0+0 
v, = () 
and | 
; 2m | (m, — Th, -y. 
‘2 “(m,+m,) | (m,+m,) © 
2m (m—M) 4 
“2 (m+m) (m+m) 
V soy +0 
v, = Vv) 


Result 
After collision, 

se Ill 
lighter mass.m, collides with a massive body m, at rest 


\<sM), orm, = 0 & v,=0. 

equations (6) and (7) become, 

= - =a +e 
(m+ m,) (™ +m,) 

¥ +s =O 


ae tm, 
y=-Sy, +0 


im = 


mass mm comes to rest_and m2 moves with the velocity of my. 


case (ti) 
¥ =0 


30 


Before collision 


After collision 


Fig. 3.11 


case (iii) 


ee 


Case IV 


i.e. mM.>>m, of mM, = 0 & v,=0. 
In this case, equations (6) and (7) become, 


“ (7m) —™, +) 


+——_—— V; 


2m, 


if 


(mm, +m, ) (m, +my,) 
lis Um, — 0) y 2m, a 
| (m,+ 0) “(m, +0) 
v= oh —y, +0 
m. 
i 
and 
Vy. = jx! : V, , {m,—m)) V, 
(m,+m,)  (m,+m,) 
. 2m, — cis ry “ft 
ey SOMO) 
(m, +0)” "(m+ +0) 
: =m, peo) 76 «iT 
Vv; =—v, +0 ; 
m, 
Y, = 2v, 
Result 


ya collision, mass rm 
Svs = we 


water flow is v and on str 


ikes a wall normally. 


alt exerts Horce on the wall, Let S uiel the velocity of 
g the wall, it comes to at 


in 


| ith a lig body m, at rest 
When a massive body m, collides with a lighter body m, 


VYOOO SVizehm & | 


M1, 


Before Collision 


V mly 
. i 


ass Beeston before fire 
th - 
Th re Initial momentum is zero as both bullet and rifle are ey at re@atz 2 Dem? 0) eee 


is greatly | 
“EXPLANATION 


When you 


al . Examples 


| forwaty in 
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Change mn momentum 


Linc 


Wi ¥ 
P=— 


From Newton = third law of motjon,.a force of PSOCMOnhexerted by. Water on the wall is equal but opposite, So 


=I Vv 


50, 


Thus force can Ge calculated as the product of mass of water striking normally per second and change in 


velocity. 
Example 
Suppose wateliflows HOM a.pipe at 3 kgs” and its velocity changes from 5 ms” to zera.on Striking the wall, 
then % 
| 2% i 
’ 4- | — -, = 3(5 -0) = 15 N 
" [ 


YOU KNOW" 


Explosion S&S Uae Ww ihe 


result of internal farce: 


mente and Explosive Forces i eS as 
Total Momentum. remains same when momentum changes occur due to explosive forces within an isolated 


system. a ot 


1 Explosion of a shell or bomb 
Ups ose a bomb is falling, in its way it explodes into two pieces. The momentum of ig bomb fragments 


0 ymbined by vector addition is eye! to the original momentum of falling by 20 mb, as shov 


p Fee of a rifle ‘ 


1€n 2 bullet of Mass m fired is from a rifle of mass M witha velocity v : 


nwt} Momentum after fire 


if x is the velocity of recoil of the rifle. 


n tum my +My’ 


bill Mee! eg =o 


Working Principle 
Mocor = rocket is besed on the tow of comsern = 


mosey gs vessel ars manera el 
vee very thigh velocty. The socket gms momentum equal to the 
speed gases but in oppose direction. Rocket continues to geu0 


more sal a more momentum 2s long as engne of the rocket continues & 2 expe! 


ores, So he ayant of oui 
psoas 


cance OO by he gE 


eM = nse 


—— 


-=Méz 


“A togteal kicked by 2 pizve" 
Bullet fred from gs" 


a ee 


| Ramacie fred Som | bythe 7Sc. 


antaneous mass of rocket & 2 = gemsterstion of Pode 
/s third aw Gf mouor | : 


due te preva? cond 


LS nerd ag ocebgaae= co ari see om 


: == =f ae a 
\ =r aa = YF 
: 


ra 


a 


ee 


Poses as Bi ae 


106" 
SO equ | 2} becomes 
| 
and Y=——¢) (2) 


J scree on (1) Fepreseies the horvzontal distance white equation (2) represents tne 


Q. 19 Berets expression for the instantaneous ; velocity of a projectile thrown 
at an angie 1) with Rorizontal. 


- ven 


Horizontal compodent of mutial velocity= v 
Verlsgal commponem of initial velocity = v= v_sinf 


Moriorntal cornmponent of velocity 
Srae there «nen ‘woriomal force slong horizontal axis 
: pert of velocity at ary instant is 


$0 acceleralion a, = 0 


oy 
| —— a OA 
rts Pm fe ert of velacity 
ert ai Liane re of weleerty at arry ifnigtant ( 
- tts id 
cm ds ,? vain beg | SH 4-gand vy_ «= vsiné | 


Vaart of velocity 
Truss the wiser ude of Weceity a arry instant t is 


| 7 2 4 r . * —— 7 Ls] 
Cwaction A wilachy ~~ 
LMT (ORM IRE yeh rakes an aighe G with the honiortal Then 


lars & - 


G1b b WopdihE 4 thew wth witha vehachy 4 making an angle 
Me bapeo me her tpt al Virod ing , lh 


Lh) Tirana Night 
(4) Man fdte | 


Man Naight of the projectiie 
the a eT Beatie ‘Pptieae’ iy tre bajecvie coed the en, 
Page Of Che pt tyes tin 
Det ie datas ri wlint: OF bayrt ne tae 
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A cheitergraph OF 
lt 
pom ? pe het 


P keels 
a oe 
ao J 


el 
r PeFLASATION: 


: : ay tie, 
| thw two) bolle ae att 


| lew, be, thels rhe 
| Giephacmnerts a6 


, BUY SIS 2 MUSub lective) = pts OP ee A te! toe DD <= 


nitial vertical velocity of projectile = v, = v, sing 
of oe acceleration = ay =—-6 
silivertical velocity at nignest point = = Vp, =0 


¥ maximum height =y=H=? 
| cording to equation of motion, 
: iWew 2a5 = Vi svi 
2 
Don 2a = YW ~ YW 
ava . eto (yj sin®) 
aR? | | -agh = — * sin” 
JEN ] | toe 


e of sieht 


; ime taken by body, to cover fne distance fromthe place of 
Becton to the place wacie it hits thes@round is called the time 


~ hi, 4 flight. 
bic the body goes up ang comes hack tosame level so it covers no 
| ‘ ical distance. |.e. 
“ ete 
MalverDcal velocity Of projectile= vi), = v, sind 
ration due to gravity = a,= = 
ite of flight =t=? 


5 = VAS se 


For Your tnformation§ 


a oe 


1 
(= vy : — 


: For Your Inform: ation : 


} The factor which romaine constant 
ahve Willard tealles A Bure | | during the projectile mou | 
* horizontal tas ‘yiheidi 
ity Mp Pas | da ct pam One! iol 


te he a’ i notaapey viele? Yale: 
‘Want ie Frat! ms Of | 
while th: Onher 4 = / 
Analy A 
aN Meee a | twicr bale ae e 
ie Ve level, ie., 


Jere dn florets we | 


hey “_ 4 
+p ity 
a 


Sitee vertical sceobersiit | 
4, yg in tenth canes wo WY 
hai © 
Fliltva@fsoa arg a 


a 
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Maximum Range 


The range of the projectile will be maximum when sin2@ has maximum value. 


Le. 

sin 20 = 1 
OR 20=sin~ (1) 
OR 28 = 90° 
OR 0=45 


$0, equation R= becomes 


v, sin20 
_ ¥; sin2(45°) 


g 
_ ¥? sin90* 


_ (4) ~=[- sin90°= 1] 


Note: 
We can express the rang 
R=R sin26 


ins 
Ballistic Flight | 
por a projectile is given an initial push and is then allowed to move 
reely due to inertia and under the action of gravity, then such a flight is 
called a ballistic flight. we 
Ballistic Missile 
The un-powered and unguided missile is called ballistic missile. 
Ballistic Trajectory 
The path followed by the ballistic missile is called ballistic trajectory. 
Explanation 
Ballistic missile moves due to the super position of two independent 
motions: | 
" 4 Straight line inertial flight along the direction of launch 
* vertical gravity fall. 
" The gravity and inertia are responsible for the parabolic path of 
«projectile. | 
Effect of inertia 


Due to Inertia an object should move straight off jn the direction in which it is 


thrown, at constant speed equal to its initial speed particularly in empty space. 
Effect of gravity * 
Due to gravity straight path changes into a curved trajectory. : 
For flat earth (For short ranges) — — . i 
The trajectory of projectile is parahy 
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cor spherical earth = 

aallistic trajectory will be elliptical 

she major element of warfare is to shoot the missile on a Mlacted dista 
yses of Ballistic Missiles 

the ballistic missiles are useful only for short ranges 

For large Tange and greater precision powered and femetescontro! guided 
missiles are used. 

at high speed and for long trajectories the air fricttom is not negligible and some 
times the force of air friction is moredthan gravity. It affects both its horizontal 
and vertical motion. Therefore, we.cannot neglect the aerodynamic forces 


Water is projected : 
pipes af the came fae 
an angle of 30° and fom te 


at 60". Why are the range. . | 
EXPLANA TION- Ba. a 2 aroaynamMmic TOrces 
ATION: Effect of aerodynamic forces 
ThE range of & projectile i pry The air friction creates difficulties for this purpose. So the angle of projection 


v : Pe 
R= —-sin29 needs a high degree of precision. 
g | 
: As sin 20 =n 20%, 
sin 60° = 0.866 
And sin20 =sin2 56's, 


Displacement of a particle 
‘Average velocity 


| Instantaneous velocity 


F 
; 


i 
I 

my | 

1 a 


| therefore, (the 


| trajectory, as 


the presente of air | 

| the trajecton 

a fugh speed 
orojectiie fall short of a 


parabolic path 


EXPLANATION: 


© 


Due to air friction, the 
vertical and horizontal | 
yelocities Gecréase and 
herent 


and range both decrease 


| which make fall short 


parabolic 


aol |= , 
Siew a | OL 


of a 


| the fieure. 


St | 


Relation between relative velocity 
of approach and relative velocity of 
| separation 


Yy7¥2 = (793) 


Velocity of mass m, after collision in, 2 y+ = 
one dimensional elastic collision 


m, +m, m, +m, 


| Velocity of mass m, after collision in 
one dimensional elastic collision 


i. - Mm, 
Vv, +—_—v, 
mM, + mM, Mm, > IN 5 “ 


Force due to water flow 


| Recoil velocity of a rifle 


| 16 | Acceleration of rocket 


| Horizontal distance of an object 
_| thrown horizontally from height h _ 
| Vertical distance of an object 
thrown horizontally from height 
| x-component of instantaneous 
velocity of aprojectiie 
y-component of instantaneous 
| velocity ofaprojectile _ 
Instantaneous velocity 
| projectile 


of a. 


le 


|} 25 | Maximum range of projectile 
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Multiple Choice Questions 


Four possible 


answers [0 each stafement are piven below. Tiok (*) the correct answer: 


(c) Distance covered | 
if the displacement covered by body is zero, then what can you say about its distance? 
(a) It is negative 

(c) It must Oezero (0) tea 
The slope of the velocitytimegraph for retarded motion its: 


| 


| 
| 
| 


Two bodies are moving in oppo 


Area under velocity time graph represents. 


instantaneous and average velocities becomes eq 
(2) Zero acceleration 

~ (e) Variable acceleration 
Inertia of an object is measure by its 


(d) Temperature 


2nd law of motion 


4144 


which of the following can be zero if a Body is in motion for some time? 


ib} Displacement 
(d) None 


(b) It may and may not be zero 
(d) It cannot be zero 


(Bb) Positive 
(d) Neutral 


site direction with velocity v. What is relative velocity between them 


(b) 2v 


(d) Zero 


(b) Displacement 
{d) Acceleration 


ual if body has ___ : 


(b) Uniform acceleration 
(d) Moves ina circle 


(b) Density 
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) | eee Wg 
Y ’ pefinition of acceleration: a | = 
13, A base ball of mass m Is thrown upward with some Initial speed. If air resistance is eglecteg «| rhe time rate of a change of velocity of » bOdY is called accelors 
force acting on the ball when it reaches its peak is sjathernati ally, Med acceleration 
(a) Mp and upward v9) me and downward . 76 
(c) Zero (d) None of these h AV WVe=¥, 
14. A body is moving in a straight line such that the bieeanrte covered by itin time t is Proportiona| Ito. AI At 
square of the time t, The acceleration of the body is: i. G sintial velocity of body 
(a) Constant (b) Zero where ¥, 
(c) Increasing (d) Decreasing ’, = final velocity of thadiiily 
15. S$} unit of impulse is equivalent to | - 
ia) Force (6) Momentum Av =change in velocity during time wt 
(c) Acceleration id) None | st units of Acceleration & velocity: 
16. Taking off rocket can be explained by sj unit of velocity ism/sec 
(a) ist law of motion (b) 2nd law of motion S| units Of acceleration isim/sec” 
(c) 3rd law of motion \d) None 0.3.2 An object is thrown vertically Upward. Discuss the sign of acceleration due to gravity, relative to 
17. Which component of acceleration is zero in projectile motion? | velocity, while the object is in air? 
(a) Honzontal (b) Vertical (Bwp 2003, Mir Pur 2004, Fsd 2008) 
(c) Both (d}) None | Ans. Sign of acceleration due to gravity relative to velocity is negative. 
18. A fighter plane drops a bomb when it is at the top of enemies target. Bomb misses the target duete| Explanation: 
(a) Due to bad weather (b) Due to action of gravity All those quantities are assigned to be negative sign whose direction is opposite to the direction oi 
\c) Due to horizontal component of velocity (d) All of above | initial velocity. 
19. A ball is thrown horizontally from the top of tower. What happens to the horizontal component? So when the object is thrown upward, the direction of gravitational pull is opposite to the direction of 
its velocity? initial velocity so the sign of acceleration due to gravity relative to velocity is negative. 
(3) First increased then decrease (0) Increases 3 Gan the velocity of an object reverse direction when acceleration is constant? If so, give an example. 
ic) Remains same (d) None of these , (Federal 2003-2005, Lhr 2005, Sgd 2005, Grw 2005-2010, Fsd 2008, Mir Pur 2009, Lr 2010-2011) 
20. What is angle of projection, so that the horizontal range Is equal to maximum height? . Yes it can be possible. 
(a) Tan~*(4) (b) Tan-*(3) Example: 
ic) Tan” (2) (6) Tan=* (1) When a body is thrown vertically upward its velocity goes on decreasing ae tn eraviny ONE: — 
zera at the maximum height. After that it will reverse its direction of velocity, but the 
ANSWERS remains constant during whole flight (i.e 9.8 m, s*). 
Lb aa ee 


A A ee | 7a 
17, 


Short Questions of PXercises 


What Is the difference between uniform and variable velocity? From the + 

velocity, define acceleration, Give Si units velocity and acceleration? 
‘Bwp 2004, ee 
Arg. Dpference between uniform and 


ae | — Chapter 3 [Mation @ \ 


a Wey 
a) Bites te ahaa “a ee ee 
Act) gh an Object is thrown vertically up, after reaching It maximum height, its velocity rey | ‘Ty | 
: WIT IS acceleration remains Constant (Le OA m/s), So itis also true statement bb | | 
S A : nh standing on the top of a tower throws a ball straight up with noason 4 +1 ' 
ivvitial |’ nr e body moves with uniform vel 
velocity vy, and at the same time throws a second ball straight | : when th = eat ii He Clocity then the change In velocity Is zero, So acceleration |s 
downward with the same speed, Which ball will have large speod when Ce ee rer. It remens a le body moves with Constant velocity, Hence acceleration remain’ 
ie strikes the round? Ignore rng ht Sil | ANN aon stant (.e@., Orn/ser *) throughout the motion of the botly, Chal remains 
& oth the balls hit the ground with same speed, Find the change in momentum for an objec subjected to a giveniforce for a given time and state law 
Salhnatlons a 0,3 af motion in terms of momentum? 


1.3.6 


Ars. 


The ball which is thrown vertically up with velocity vy, will have same 
velocity v, when it reaches back to the top of tower, 90 the two balls have 


; 


(Awp 2004, Federal 2005, Grw 2008) 


Let «=o m= mass of the body v, © initlahvelocity 


Ant. F = applied force 
same downward velocity at top of Lower, Hence they hit the ground with 4 | 
same tinal velocity, v," final velocity Le time interval 
) ‘ | 7 ? ae , | r - . 
Explain the circumstances In which the velocity v and acceleration a of a car are; "1% 


(\) Parallel : : Then - 


At 
(il) Anti-parallel According to weWton's second law'of motion, 
(ili) Perpendicular to one another ( . ae 
- ) . , ® 
(iv) vis zero but a isnot zero =: 
‘ ' ia— 
| ’ | m 
(v) a iszero but v Is not zero 
: lons (1) and (2) we get 
(fad 2004, Federal 2005, Mir Pur 2009, Min 2009, Grw 2005-2009-2010) | : Comparing Sree v'o (1) B 
(\} Parallel: r . Fo r vy) Vv, 
? 7 @ | m mM 
if the velocity of the car Is Increasing along a straight path then velocity v and acceleration a ae: -. ag ee 
parallel — —_ ss Cae e 
(ii) Anti-parallel 
if the velocity of the car is decreasing slong a straight path then velaetiby 


where mv, represents the initial momentum while mv, represents final momentum 
Thus we can say 
Second law in terms of momentum 
of momentum of body is equal to the applied force. 
that ho yb ureiaieg to linear eco en 


= 


y and acceleration a are anti parallel, For example when the brakes are 
applied to a moving car, 


(ili) perpendicular to each other 


~> 
if the car is moving in a ¢ireular path then the velocity v and a are mutually 


perpendicular, 


| - + 
liv)  viszero but a Is not zero 


hort | terva of time then the procul 
, ib: Le Meal % ee = ba 4 i | 


If moving car is stopped by applying sudden hard brakes then at that instant the ¥ 
anion nero but the acceleration is not rere, 


(vy) a Is zero but V ienct zero 


When car moves with ¢ 


Motion with cai 
statement true? Slecusna ll 


Q.3.10 


Ans: 


Q.3.11 


Ans. 


Q.3.12 


Ans. 
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lI=m v, -m y (/= Py r) Time of _ ' sdy | P the 
“oe | 2 | the time taken by Dody to cover the distance from the a WE Ri ny co Ss 
+0 the impulse is equal to the instantaneous change in momentum of the body | hit the ground is called the time of flight. eee OT Projection to the place where it just {fo 
State the law of conservation of linear momentum, pointing out the importance of isolate SYsten | since the projectile covers no vertical distance after its total time of flight. 9 ¢ . 
Explain, why under certain conditions, the law is useful even though the system is not COMples ; [ vertical component of initial velocity Then, _ ight. 50 $=h=0, if v, SIN U is the 
isolated? % Fa 
(Mitn 2007, D.G. khan 2005, Grw2oy Ss =vit + 3a 
Law of conservation of momentum | Le ty 
Total linear momentum of an isolated system always remains constant Os {vsine) t - 28" 
importance of Isolated system Es in 
| | ; =n | ~gt =(v sin Oj 
Law of conservation of momentum holds only for isolated systems otherwise it is not valid ‘ 
Application for not completely isolated systems wv 2v, sing 
When the effect of external force (like frictional and gravitationa! forces) is negligibly smot « | i! 
compared to the forces between the Interacting objects, then this law become applicable ; a Range of the projectile 
Explain the difference between elastic and inelastic collisions. Explain how would a bouncing by | Maximum distance which @ projectile covers in the horizontal distance is called the range of projectile. 
behave in each case? Give plausible reasons for the fact that K.E is not conserved in mast cases? | ify cosd Is harizontal Gomponent of initial velocity then range of projectile R for the total time of flight 
(Bwp 2005-2008, Grw 2005, Uhr 2008 tcan be expressed as, ‘ 
Difference between elastic and inelastic collision: | R= Vat 
In case of elastic collision the K.E of the system is conserved while in Case of inelastic collision the KEs J} aa Nina ” : 
not conserved. Pe cnct x 215108 
But the total linear momentum and the total energy of the system remains constant in both typed | t 
collision, = ¥’ (2sin0 cos®) 
Behoviour of bouncing ball: I : 
When a hard ball is dropped onto a marble floor, it rebounds to very nearly the initial height. it loses F vi sin20 font ENN ca 
negligible amount of energy in the collision with the floor. Then such collision is approximately # Fm ie up t bh i? sn cos = sin 26) 


elastic collision. 


But if the ball is not able to reach the initia height then there is a loss ofskinetic energy and we 
collision is called inelastic collision. 


Solid reasons for loss of kinetic energy: 


In case of inelastic collision, the loss of kinetic energy is due to 


sine function is one. Thus —= 


sin 20 =1 


Toure 20 =sin'(1) 
° friction of ball with floor = es 
, + { _ ! Z '. )riu~ I% i 
* friction of ball and air ; = | ane 


* sound 

Explain what is meant by projectile motion? Derive the expression for 
a. the time of flight 

b. the range of projectile. : 
Show that the range of projectile is maximum when projectile is thrown at an 
horizontal. | — 


The two dimensional motion under the co: stan 
projectile motion. 
Examples _—A foot ball ki 
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At what point or points in its path does a projectile have its minimum speed, its Maximum Deeg, sfo tion of € car im B to C: 
(Gry | 1 Lar rf 
Ans: Minimum sooo: it, ‘hat ev elite bf acceleration’ IS Zero, that js a = =1 Mains constant from 5” to 1§™ second, it means 


speed of the ball is minimum at its maximum hel because at this point the vertir3| COMpe sfotion of car from C to D: 
= We 
Of Velocity become zerc The velocity decreases uniformly to zero from 151.9% | 
‘t “7 CONG. 
Maximum speed: . The acceile ration of the car dur Ing last 4 second jc 
The speed of ball is maximum at AY fe at 0-20 = 2) 
a : — = — 
} ts point of | at > I9—]5§ F 
on * * ni ‘i g 3 7? a 
Mi | e post just 10 hit the round (point of lariding). | a=-5 ms 
Q2%4 (a) What is meant by ballistic trajectory? The n fe Sign indicates thatthe velocity, 
i ne ative SIRT TIGICd ICS Ula the YCIOCI(IV O77 the car A, ee ia 
ik Ay! | ” - | YOR Whe car decreases during these four seconds. 
* BME Pais tollowed by an un-powered and unguided projectile | Total Distance Covered by Car; 
= “= -~ 2 tm! .- -o- Pe ee - ae me ene i 7 peace CY ere rc Oe Ataf 
“ © pes) lOnOwesd Dy the powered and unguided projectile Distance covercd = Aged of AABF + Apks of rectangle BCEF + Area of ACDE 
c The path followed by un-powered but guided projectile <a i 
rap ie | | | > — 12085) + (209610) + | = loon 
G . a nt , - a il a | a ev?) 
- K€ Sth 'ohowed Dy oowered and gulced orovectile -} 2} | 
Ars: (2) the correct answer S= + 20 +40 
O24 (6) What happens when a system of two bodie< undergoes an elastic collision? Identify the corres a p= 290m 
2 Mit (orrentium of ihe FyYSsl@rn Crariges ’ Lo «er bh : a ., | : ) 
ea bed cee : A 1500 kg carbas its velocity reduced 20 ms” t 15 ms”' in 3.0 5. How large was the average 
7 © mormertum Of te tyttern does not change retarding force. 
i. Tes Eas a dt ee Lf rea? ziter - 4 of Coen Data: 
5. The creer ey COoPtervetvon law tt wolater 


nolates | Many of the lar™ m 1500 kg 


i . ; a ima ; , am = : " F 
Arc. i) i Ow Correct arcveer 


| initial velocity = v =20 ms" 
UMGr Part 1606-1006-2005, 0.G_ithan 1005-2006, Min 2004-2 | 


Grew 24-2008, ep 2007 2008, tod 28 | 


Time = t= 3.05 


To Find: 


AS pyenns | ‘ 
4 


ra 
| tes ai 


Thee Vehtot at's time graph of a car moving on a ttrangh! read iv ) 
tren mm Vig. 3.7. Describe the motion of the car and find the Flin se 
Gat atte tawvered. rf | é ; 


sof car from A to 


“ “ol fy" 
AST 4 ul =T —s Wy ’ a 


: bist) greens 


il 5 ae ; = ———e _— + — hs . a i = ’ 
aE tie rert Oot cor watt [roe rest eared its WeMaCIly (Mticases Grilurml y to 20 ri 
MA Creteye eutclor elon 9 given by 


iS 
= = 
‘J 
vs ‘ 25 : 
‘- ; oe / A , e— 


ray 
P - 
‘ F | 4 a 4 4 


Chapter 3 (Mating , 


_—_ Sr rion tory | ee 
f sam le 3. : gbolar® pHY SIC Re AL ub je i live) 
lwo spherical balls of 2.0 kg and 3.0 ky masses are moving tow ards cach other with ¥ Clocigy . 
ms’ and 4 ms respectively. what must be the velocity of the smaller ball afte; collisiog 4 le er s 
velocity of the bigger ball is 3.0 ms '? IT r 
(Liven Data: | ra via 
Mass of smaller bal! =m, = 2.0 kp ig 
Mass of bigger ball =m) = 3.0 kg : ¥) hl 
Initial velocity of smaller ball = v,; = 6.0 ms | ! Now 
Initial velocity of bigger ball =v) = 4ms | em 
Final velocity of bigger ball = v,= 3.0 ms " m : 
To Find: Putting values, we get 
Final velocity of smaller ball = v, =? yi « eee) OY ( 
Calculation: : * (1007+0.14). sa! Ws 
According to law of conservation of momentum. | ian WAT. g 
Momentum before collision = Momentum afier collision | ‘a 2! 
my Vi + m2 Vv) =m, Vv + Mm) V v5 6ms 


As both the balls are moving toward one another, so their velocities are of opposite sign 
Let the direction of smaller ball is positive and bigger ball is negative, thus 

mivi + m2 (-v2) =m, Vv, + m2(- v)) 
putting values, we get 

2x6+3x (-4)=2 v, +3 x (-3) 


A 100g golf ball is Mieving to the right with a velocity of 20 ms™' 

an 8kg steel! ball, initially at rest. Compute velocities of the balls aft 
Given Data: 

lass Ol.the golf Gal! = m, = 100g = 0.1 ke 

vey") of “Se bal | it before collision =v; =20 ms" 


. It makes a head on collision with 


cr collision. 


se 2v'-9=0 teNeara ‘fore 0 colliéied &orw8 
OF 2v,=9 Velocity of golf ball after collision = v; =? 
v'= 4.5 ms = _\slostyof sel ball afer collision =v, =? ; 


mle 3.4: 
A 70g ball collides with another ball of mass 140g. The initial velocity of the first ball is 9 ms 7 m 
right while the second ball is at rest. If the collision were perfectly elastic, what would be th 
velocity of the two balls after the collision? 
Given Data: 
Mass of the first ball = m, = 70g = 0.07 kg 
Mass of the second ball = m2 = 140g = 0.14 kg 
Velocity of the first ball before collision = v, = 9 ms” 
Velocity of the second ball before collision = v2 = 0 
To Find: 
Velocity of first ball after collision = v, =? 
Velocity of second ball after collision = v =? 


i dt Sater S Motion a 
. : Oe Fy 


A hose pipe ejects water at a speed of 0.3 ms” through a hole of area 50 cm’ . If the wate, Strike, 
wall normally, calculates the force on the wall, assuming the velocity of the water norma] (0 the 
Wy 


is zero after striking. 
Given Data: | 
Speed of water = v, = 0.3 ms” 
Area of the hole of water = A = 50 cm* = 0.005 m” 
Speed of water normal to the wall = v2 = 0 
Density of water = p = 1000 kg m™” 
To Find: 
Force exerted by water on the wall = F = ? 
Calculation: 
Volume of water striking the wall per second = rate of flow 
= (Area)( Velocity) 
= (0.005 x 0.3 | 


=().0015 m /s 


Now 
are . Mass .. volume 
Mass of the water striking the wall per second = ienccs =density x - plume 
oe | lime 


== 1000 x 0.0015 


oe 
t 


bi 


1.5 Kg/s 


‘Force exerted by water on the wall is 


to which it rises, the time of Hight and the horizontal range. 
Given Data: 
Speed of the ball = v; = 30 ms” 
Angle = 0 = 30° with horizontal 
Acceleration due to gravity = g = 9.8 ms? 
To Find: 
(i) Height altained by the’ball = h =? 
(ii) Time of flight=t=? 
(iii) Horizontal range = R=? 
Calculation: 
(i) For height: 


A ball is thrown with a speed of 30 ms‘' in a direction 30° above the horizon. Determine the heigl) 


gcholar 


' PHYSICS - XI (Subjective) 


h= (30)"(sin30°)? | . 


2*9Q 
h = 700 » x (0. ).5)* 
19.6 
an h=| One +m | (approx) 
(ii) Time of flight: 
ZV. sin0 


AS » = £¥,Sind 
‘ 
Putting values, we get 
(= cS 0» ssin30” 
() g 
BU «0.5 
oof ta hited 
ae 


(iii) Horizontal) range: 
v-sin26 


L 


Rk = 


Putting values; we get 
(30)’sin(2 Pd 30°) 


R= 
98 
R= 900~sin60" 
9.8 
R= 900: x 0,866 


In example 3.7 calculate the maximum range and the height reached b 
Projection are (i) 45° (ii) 60°. | 
‘n Data: 


+ 


A 1 ’ ry ; = = : =| a 
Of the ball = vy, = 30 ms ~ 
— 5 a eee a! = re : é > J] 
* er ‘ : q —_ 
. is i ig oe tel = q - = ' 
; = | =) 


Chapter 3 (Mojia, nv ies’ F 
= hel | ‘Tg af at 
— er 


HY SICS AT lalaje live} 


ill 


Putting values, we get 


(30)'sin(2*45") 


Exercise Problems 


200% sind 4 A beleopter » Pending vertically at the rAOPG) oh Whow it is at a helpbt of 156% 
. ) 8 b ihe ground Astone is Cropped. Now lopg aloes thi 
" 900 « | (j\¥ cn data 

08 


IR =91.8 my 


tial Wel 


= = — — =a == — 


Now (There is nega 
Height (For 0 = 45°) | Avccleration duc to gag. = thy 
7 v, sin’ fo find: 

2g | ii 
Pulting values, we get Calculation: 
(30)' sin’ 45° Using (gptotiow® 
2x98 
h = 900 «(0.707)* 
19.6 | | 
= 22.9 m 156.8 = 19.6t4— (9.8) 


(ii) Maximum Range (For 0 = 60°) ~ 156.8 = 19.6-4.99" 
R = v,sin20 : 4.91*-19.61° -156,8 =O 
| 4.9 1° —4t-32)=0 

Putting values, we get Ps -32=0 
ie (30)’sin(2*60*) / making factors , we get 
ii 9.8 (= Bt + 41-32 =0 : 
_ 900xsin} 20° : Ut — 8) + 4(t-8) =0 

98 (t= 8)(t+4)-0 | 
= 200 «0.866 OR t-8=0,1=8 sec 
8 OR t+4™0,t"-4 sec 


~ sae 


h 


pulling ine Var 


RK 


la 

Height (For 8 = 60°) 
2 a ee: 
20 - 180 1s ih 

= Fe 

ith 


: e, 


» 
‘ 


( alculation: 


(a) - 


(b) 


(¢)- 


From the given data, we have ter cls 
(®) The initial acceleration aq, 
(6) The final acceleration a, =? 
ic) The lolal distance i overcd @Ne« } 
Prom graph 
Initial acceloration « q, 
a ~ slope of the graph OA 
AL 


if | 
‘ee 


20-0 
OO-0) 
20 
60 
o “O0.33ms" 
Final acceleration " ay 
r™ slope of the graph ‘CB’ 


" 180- 150 


a, = —(), 67 ms" . 


Negative sign shows that the velocity decreases during last 30 seconds. 


The Total Distance-Covered 


The total distance covered js numerically equal to the area under velocity. time graph, FO 


raw graph and then fine, 


5 = (Area of AOAB) + (Area of rectangle ABDC) + (Area of A a 


o= = (OBYAB)+(BD\.AB) ++ : =(DE\CD) 


ne’ 


S = = 600+ 
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glar * -_ 


Putting value, we - 


A proton moving With aneed of | (4, 10" nae" 
ea 


Pees Mirough w 0.020 em ihiel sheet 


emerge’ vi ALL all ayia eu iif i) iiwer \asuciliy unl fore dy 


of paper and 


Mhrough the jay Celeration, find retardation and Wme 
Lon tu pans COU Ue pape 
jaken | 


(,iven ldule 


Petia pond af Ray Vv @ 1 Oe fy ris | 


inlnwe « OVeroal y=) (Pe ibe tAiPa oi); “ivi 


iva ) i i) ii] bi 4 j TH i . P fj | (ea 


To find: 
Melardalioies~a 
live TT tal by Prertarny i t 
(Caleulationy. 
iy lie urd Man OF motion 
LS v\ v’ 
mulling vallies, we get 
KD02* 10° 2x10") «(1107 
ae 10% ~1* 10" 
2«0,02*107 
~96* 10" 


* 0.04~ 10" 
a Le re 


oT 


lo find: 
| hl 


SCLOCHV Om; - Vv, =? 


| : = 
ho a Se oe 7 - — 4 — “i 
bibak) SEES cil 4 i)i it = , 4 = 
o aa 


“ae - r : : = \ 

a Tie | > ff 7 - : Site : | | 

Ratio Ol ine % CIOCILIES Aller rclease = — = : 
y. 


Calculations: 


‘\Cceording to law of conservation of momentum 
initial momentum = final momentum 
MV, tin,¥, =m, Vv, +(-m,y, } 
Where negative sign shows that v, and v> are opposite in direction 
m,(0}+m,(0) =m, v' +(-m.v,) 
V=m,v, +(-m,¥,) 


mv, =m,Vv- 


iv, _m, 
which is the ratio of their velocities after the spring has been released. 
An amocba of mass |.0x 10°" kg propels itself through water by blowing a jet of water through)! 
tiny vurifice. The umocbu cjccts Water with a specd of 1.0x10~ ms’ and at a rate of |.0x! 07 er’ | 


nm that the water is being continuously replenished so that the mass of the amoeba remial 
[he sume. . 


(a) Hf there were no force on amocba other than the reaction force caused by the emerging jet, | 


what would be the acceleration of the amoeba? 
(b) If amocha moves with constant velocity through watcr, what is force of surrounding water 
(exclusively of jet) on the amocba? 
Given Data: 
Mass of amocba = M =1.0x10°" ke 
) Speed of ejected water =v=1.0«107"ms" 


ws . at ge ewe | “ae ) 
Mass of water cjected per second =— =1,0«107" Kgs 
! | 


te find: 
(a) Acceleration of amocha = a=” 
(>) Porce of water on amocbu = F=? 
( sleulution: 
F = mass per second x speed of cjccted water 
it) a 
| —— zy | a | 
t 
Pulung \alucs, Wwe get 
r=) 0« 10° *).0=10" 
| —N. | a —_ ' | — 


or. @¢=— 
Mf 
pulling Values, we pCi 
|.Ox10°" 


|= ——-———_ 


“1.0x10°" 


a=1.0x10°'"" 


| 


la = | .O x a7’ ms | 


a ee 


A boy places a fire cracker of negligible mass in an empty can of 40 e mass. He plugs the end with 
a wooden block of mass 200%. After igniting the firecracker, he throws the can straight up. It 
explodes at the top of its path. li the block shoots out with a speed of 3.0 ms”, how fast will the can 
be going? 

Given Data: 


3.6 


Mass of can =i. 40 P=40x 10" ke 
Mass of wooden bletk = ni) = 200g = 200«10~ ke 
Final speed of bldek = v; =3 ms” 
To find: 
Final Speed of can = v, =? 
Calculations: 
Ass both can and block are initially at rest, so their initial velocities arc v, = 0 and v2 = 0 
According to law of conservation of momentum, 
Total initial momentum = Total final momentum 
m, ¥,+m,V,=m,¥,+m,¥, 
m, *0+m,*0=m,v;+m,v; ' 
a as - 
O=m,V,+m,V; | 


Vv, = =" Va 7 j _—- » # 
i TE aiaeg , 


i = 
la ty a 


130 


To find: | 
Velocity of Hydrogen atom after collision = v, =? | 
Calculation: 
As the collision is perfectly elastic, so 
Vv; = _ 2m, v, 4. I mM, “M, | v, 
| [m,+m,] — [m,+m,] 
putting values, we get 
? 
ies 2%9.1x10°'«2x10’ 


3.4, 


Siciaaiazcian - 
“9.1x107" +1,67x10" 
/ 36.4x] go? 
Vv; Ms —— 
1.67 x 10 
ms V3 = 2.17810" 


v; =2, IR» io" ma"! 


: eit 1000 lea Yoo Kg and moving with a velocity of 21 ms” collides with stationan al 
weighing M00 kg. ts truck and the car move tocether after the lec. nm RATE 
i thy rt e truck and the car move together after the impact. Calculate their comas! 


Given data: 


To find: 


Mass of the truck = m, = 2500 kg 

Initial velocity of the truck ™ v,©21 ms” 
Mass of the car = m, ~ 1000 kg 

Initial velocity of the car « v, 0 


common (1-e combined )velocity afler collisions? 
- iy ae ee | 
i-c vi ae Vv, re y= ; 


Calculation: 


According to law of conservation of momentum 
Initial momentum © final momentum 
mv, tm,v, = my, +m, Vv) 
my¥) / Mv)" m)v + mv As Vv, =v, mv 
or Mm) ¥, FM, Vv) Cm, my )¥ 
mv, tm,¥, 
ore 
m, tm, 
putting values, we get 


V 


genotar’s PR 


Two blocks of masses 2.0 kg and 0,50 
elastic potential energy stored in the s 
delivers its energy to the blocks when released, 


civen dat- 


YSICS — Xl (Subjective) 


b are attached gt | 
Pring is 10J. Fing 


he two ends of a compressed spring. The 
the velocities of the blocks if the spring 


Mass of first block = m, =2.0 ko « 
Mass of second block = mM, = {) S kg 

Elastic potential energy of spring i PR= 100 

Initial velocity of mass m, =4/ =) 


Initial velocity.of mass mv, =0 


Final velocity of myly),= ? 


Finahyelocity df m2 =, =? 


Calculation: 


Accordingsto laW of.conservation of momentum 
Initial Momentum = final momentum 

m,¥, 77, = m,Vv, +m,v, 
Pulling values, We get 

DOnGt0.5x0= 2.0xv, + 0.5xv, 


Or ¥) ™ cyt 


According to law of conservation of energ: 
: Loss of P.E. = gain in KE. 
ae fee re 
lj = 5 m,¥, +> M,¥3 


l0= ; x2«v,"+ ; x0.Sxy,’ 


pulling values , we gel 


|O=v7-+== : 
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3.10 A Foot ball is thrown upward with an angle of 30” with respect to the horizontal. Ty thro ue | 
m pass What must be the initial speed of the ball? Wad | [Om Oxte xs Sxt 
Given Data: 


— [O=0+4.9r 
~ Angle of Projection with horizontal = 9 = 30° 


By Range of football = R = 40 m 


tceleration due to gravity =g=9.8ms" 
To find: 
nitial © oo ats! 9 > riers arc 
Calculation: ,=V, xt 
Jsing the equation = Putting values. we gel 
pai sin v= 2)x149 
” «= 200R2 
or yt R*g y= Min 
sin2 @ For euleulating y (mugniiide of resultant velocity) 
Putting values, we get Weitedy i) ind vi, 
«a 40x9.8 - AS V,.=V, =Vo=21 ms" (As honzontal velocity remains same) 
| n , 
Sin2(30 ) Fopyvertical velocity 
Or yi = _ 40~9. 40*9.8 | ¥o=v,, +E. 
ego 4 
sin60 | v, =04+9.8x1.42 
c Y= : | | Vv, =l4ms_ 
«0.866 | fy 


Or v’=452.65 
Or vV,=21 wii 


JV HOY, , 


‘Now resultant velocity=v= 


r putting values, we gel 


ve¥(21? 414)" 
3.11 A ball is ares ETH from a height of 10 m with velocity of 21 ms"'. How for offit hit the | 
ground and with what velocity? 
Given Data: 
Initial horizontal velocity =v. =21ms™ 


| A bomber dropped ab 
WW kmh. 


Height from the ground = y=10m ~~ » | {a) How le one was ie in air? nt aren 
Acceleration due to gravity = ¢ =9.8ms~° Gistance | ft rom ve am Ee et 


Initial vertical velocity =v, =O 


To find: 
Horizontal distance = x =? 
Velocity to hit the ground =v=? 
Calculations: 
The first thing is to, find the time to reach 
fall, 
Using the followin ng oa ‘on 


4 


Calculations: 


(a) For calculating time, using the equation, 


fo find: 


: » thal range 15 tame for anal, 
- J ; - Lo f ra i o Gaba Be Se J = oe ee 1 yy i [ ] f ;= ‘i é . * 
| 1oPpY™ : S'= OT Projectio“§ my, = 457. 4 
2 # | . : i P * 2 a g = 
i ee gl a b ’ 


Z And 1s same Of angie Of projection 6, = 44 “6 
Putting values, we get calculation>: 


oF | B : A 
oo Tr iy Dee (oll —_ ATT Trier €e ; : . 
y We have | a A Ue Sas Oe ko 
: - P = , Gin 


490 =x 1+ : 94a’ §. AS, formula for range is 
Z 


490 = 4.9/° | i ONS : 
of Bi. | ~ we (i):- Cageii);- 


; , v. sin - 42 te, 7) ‘ Sin d | 45 ” aft 
oF t"=100 ¥ i -—— wi H- - Re. sine ee, 


. 
| 
| i | = A ein | OO ~2e y* Sin (Off 4 
‘/ | * sin ? / ra - | * Sin FU =i | 
(b) Horizontal distance covered =x=v xf : == | 7 
| és ‘ 


r 
a Mw «a = 


| x=$3.3x10 g | : 


Yes, the bomb will hut the ground | > sate ae R;= ¥, £0s\29) 
is ~ | ; z , é 

e le the angle of a projectile for which its maximum height and horizontal range are equal | Since Tins R2, soe range remains unallected when the angle of projection exceed or fall from 45° by 

‘siven ta: , ; : 


Maximum height = horizontal range 
Teo find: 


Angle of projection = § = ? 


“sin 


As maoumum height sHe— 


Range of propectit =f = ’ 


e _ - - - - co 
Accordion 1h Commie 


H=eR 


# lan = v end 
—————— — 


a 


= 


0.8 
9. 8 
= 7.66*10° 
9.8 
t =0.78*10° 


t= /80sec. 


OT 


Chee eH a eH Ke 
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Chapter 4 


WORK & ENERGY 


Understand the concept of work in terms of product of force and displacement in the direction of the 
force. 

Understand and deriwe the formula Work = meh for work done in a gravitational field near Earth's 
surface. 


Understand that work can be calculated from area under the force-displacement grapn. 


Relate power to work done. 


Define power as the product of force and velocity. . 


Quote axarnples of power from everyday life. . - 
Explain the two types of mechanical energy. ; A . 
a 
Understand the work-energy principle. é' , - 
Derive an expression for absolute potential energy. 
. 


Define escape velocity. 


pce Re pe was. ts 


fn0n th 


Lh apler ay 


PRI 
(, tr FP 


4! liut< 


Abulst ’ of doin g work 


MOY JO WU TS 
20M Twp jo ayy 


te 
& 


Work and Energy 


ee er 


+ a 
be 
= 
— 
a 
= 
is e€ 
——_= 
Se & 
e- 
PE- 
= Ls) 
— Z 
i 
te: 
ay 
= 


| Power and Velocity | 


Joule () 


| U- [IN x lm 


_,| Positive work | 
a} 


290 
{ Work done by a 


“6<90° 


variable force 


| Negative work | 
P Work done in a 


, Pr ysics Ml (Subjective) 
= | diam — ee . > | | 439 


Sy sebolal 


ntroductlo n 


“att: Peapes a ' = 
gy of an object Changes I" an exchange of 


ehergy OCCURS between the object and its environment 


o erel f 
The e ut 4 a : 
4 /orce OF due to an exChatipe.of /regy 


gych 4 pparisrer & 
gue # 


The cransief 
mer, ' trans 


m occur Oue I 
ol energy Vid 'Orce | | DrOcess Called UOiny work UO Work is the act of transferring the energy. 
energy transt@rred Ta the Object is POsitive work. Energy transferred from 


\ ferred energy 
work, 

the object #5 negative 
often though tin terms of physicahor nvéntal effort. if Physics, however, the term involves two things 
\\) displacement 


i hy | i] ] 


» work '5 
(\) force . | — ' : _ 7 ™ 7 
2 what do you understand by tne term work? Explain. 


Do You Know?) 
| Work has the same dimension as 
| that of torque. 


| work Done by Constant Farce 
| Work done on a body byaa constant force is defined as the product of 
magnitude of displacement aid the component of force in the direction of 
displacement. 
Mathematical form 
Let 


) F=constant force applied on a body. 
(ae 


1) d= displacement of the body 
1} B= angle between force and displacement 
"& Then the work done on the body is, 
—s W =(F cos®)d | : 
OR W =Fdcosé ; 
OR | RA, 


44 


: Another definition 
' Work can also be defined as the dot | 


5 
= = 
- 


Te \ L 1) 
' i j ha 
ea a q 


_ > > o- a = 
bd - 4 


TP ae. 
tT j 


ro 


ie a 
= J Hf i I ii J 
oO ee od 


——_ 
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Graphical representation of Work a 
sFaphically. the ara . ark done for the first interval j- 
Graphically, the area under the force-displacement curve represents the work done —— ; - bib 
by force. | AW, = F.4d; =Fcos0, Ad 
re | _| . if eo AT 
If we plot graph between force and displacement then, | tarhy 
mila 
Area under the graph = (OP)(OR) ; 
ie -| \\W : F> Ad cOSsu 1c 
=Fd 
50 =W 


and up to.nth interval 


A W | Aas IF ¢ 50) & , 
lf force F makes an angle 9 with horizontal. Then the graph is plotted between F coc) | ; 
and d. | | Now the total work done in MOvineg the body fram POINt a to b js 


= (AW,\+ AW, + + AWD) 


Q.2 How much work is being done by upward force when a person holding ‘anel) AMIE CORD a2 
the pail moving forward? rn OR W =(F.cos0, Ady+ F,cOaD, Ad, 2)... 4 cos). Ad. ) 


OR We Mic os0) [ad 


In this case no work js being done 
Reason 


because the angle between F and r is 90°, 


To calculate the work done plot F cos@ versus d. Area under the graph is divided 3 | 
So W = Fd cos 90° 


imo.n rectangles from a to b. Area of each rectangle represents the work done 


How to calculate work graphically | | 
3 
“ 

dite that interval. The total work done is equal to sum of areas of all the 


foltnore accurate calculation of work 


The work Gone can be calculated more accurately, if we subdivide the 


tance into a large number of intervals so that each Ad become 
, small. i.e. Ado 


» W= lim m, > Ficos®,Ad 


K is being done on the wall (shown in figure)? 


No work is being done 
Reason 
because the displacement of wall is zero. Fy | 
30 =: W = F(0) cos 0 P77, ths case the total area of rectangles is equal to area under Fcos@ verses 
Weo Fig 1m | o graph, 


a4 How can we calculate the work done by variable force? 


val fleld Is @ 


Work Done by a Variable Force 
in many cases, the force ls not constant, but it varies in magnitude or din elk ; 
in Goth .e.g. 
* Force of gravity acting on a rocket moving away from earth. 
s Force exerted by Spring increases by the amount of stretch. — 
Let us consider the path of particle in Saale from point ® to bas shown in 
figure. 


Siwide the path into n short intervals of ¢) 


The forces acting Curing Svese inarN 
Tre force '5 considered to be 
gifplacement 


ae Chapter 4[Workap 


Vork Done in Gravitational Field 


€t us consider a body of mass m .The body is displaced from A to B along 


/ ; =—mel 
sifferent paths with constant vel locity in gravitational field as shown in figure. oR Zh A 
:: =—me(Ay, + d4y, 
Gravitational f ‘orce acting on the body F=\W= meg OR oy | 4} 


| : a. = —men 
Path - | (Work done along path ADB) | OR WH — ME 


wr’s PHYSICS = Al (Subjective) 
gchole! i | = : 


W, =mgAy,cos] 80° +mgAy, cos! 80° 
— MgAY2 — mgAy, —... 
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erseseene FE BAY coehS()" 


~—~Mgay, [-: 6ge80° - - 1] 


be (Ay, TAY, 4... + Ay.) a hi] 


3) 


“kom equations (1), (2) and (3) it is sled that work done is independent of the 


‘Consider a Closed patmADBA. The Body's moved from A to D. D to B and then 
-fom 8 to A. the total work Gome is equal to sum of work done along these paths. 


Work done by gravitational force along path ADB is am Sei eae 
Wans= Wa.5+ Wo. + oO + (- mgh) 
Now W, 5 = mg(AD)cos9¥ Was = ~mgh 
= mg (AD) (0) “path followed. i.e. 
: Wactt= Wace = WV as =<ingh 
And W... = me(DB)cos! 80° Work done along a closed 
= me (DB) (—-) [~~ cos180° = -1] 
=—meh [DB = hi So, 
30 W, cat= me( AD)cos90° 
Wiese = Wate + Wen 


= Oo + |-mg) 

Wang = -men 

Path -li (Work done along path ACB} u 
Wort come Sy ge avt2to72 force along path ACB is | 


0) of 


‘Sw Ws s1 50° 
=™_ AC) -" 
= — ag 
¥W._, = me(CB) cos” = sean 
=m (C3) (c 
= —mgh+o 
Fay = OS _ 2} ' 
© orfer to calicovaete woe tone Hang carve path avide the path Into 
[ORL Bs vet cs none ee ree, ; de 


2h _ i 
ne mort n cave ‘or Dame name barre 


2 


= mg (AD) (0) 


| Ws_s = mg(DB)cos! 80° 
mg (08) (+) 


- Work done by conservative force along a 


3, 


For Your Information 


1 hp = 746 walt = 550 ft- Ib | 


= 


tes pee eer sh) im 


“.~ = 


Conservative force 
7 ae 


Work done by conservative force is 
independent of path followed. 


closed path js zero. 
Examples of conservative force are 


eravitational force, elastic spring force and 
electric force etc. 


Chapter 4 Work &p,, . pola 


Power 


Power is defined as work done per unit time. 
OR 
Power is defined as t/e rate of doing work. 
Average Power 
it is defined as fotal work done divided the total time taken. 


Mathematically ; > - 
Pv AW =F. Ad] 


Where 
AW =the work done and At = time taken . : 


A eee 
( lim —=-=v] 
di-90 Al 


OR 


instantaneous Power 
| Another Definition of power 


AW 
‘nstantaneous power is defined as the limiting value of —— 4s time At 
a te I alte S f At jer can also be defined as the scalar product of force and velocity’ 


as Define energy. Give the two types of mechanical energy: ie KH CE 
| make a car and the car then 


following the time tap 


roaches zero. 


| uses about | * 10’* J of 
| energy.from petrol in its life 
} time, 


Unit of Power 


Power Is a scalar quantity. SI unit of power Is Joule/second called watt. pM ability of a body 10 do work is called energy. 


Types of Mechanical energy 


Dimensions of power are (ML°T’} 
Definition of watt: Kinetic Energy 2. Potential energy ) |For Your infor mation 
The power |s said to be One watt lf one joule of work Is done in one second, ate Energy | Approximat Energy Value: 
a | , Bitroy. Hee = = . 


energy. "BY Pos ad by a body due t0 its motion is called kinetic energy. 


— 
Define commercial unit of electrical 
, _ 


Commercial Unit of electrical energy 
The commercial unit of electrical energy is kilowatt-hour. 
Kilowatt-hour 

hose power ls ane 


Kilowatt-hour is (he work done in one hour by an agency W 
kilowall 


50, 1kWh #1000 W x 2600 Sec #1000 j/sec x 3600 sec 
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a i = —_. absolute potential ener; Te : 

Elastic Potential Energy WE || af pefine absolute é on nergy. Derive relation for absolute PE of body of mass m at dist | 
- : | Prat sLacsti ential fp isthe momentima iG 2 on the center Of €arth. ee ee 1a55.M at GIStAance * 
The energy stored in a compressed / stretched spring is called elastic ne yee z is the energy of mags from the A 


energy. 
er , 
Elastic potestial energy = —kx’ , sential Enere 
hase atte Potential Enerey 
apsolut 


: -sayitational p ntial energ a .. 
absolute oarele ee of an Bdject at a certain position is the work done by 
e in displacing the object from that position (to infitity where the force of gravity becomes 


- Where k spring constant and x is the extension. 


The units of energy are the same 3% those of work. srovitational SOF 


: | ) ~ 
| Q.10 State and prove work-energy principle. uf. . | 
— band. : calculation of Absolute P.-E 
| vid vet a body of mass ™ !s displacec in Po from point’ to N in the gravitational field. The gravitational force 
Work-Energy Principle | All the food you eat Nore does not remain constant Juris tus pisplecament. | 
day has about the same [fhe relation P.c.e men is true only near the SUrface of the earth where gravitational force is constant. As 
. Statement : shat abhi 17D litre of peta gravitational forte wvaries inversely to the square of the distance from the surface of earth 
Work done on a body is equal to the change in its kinetic energy. ey | 
. | inverse square law |, SOat can not be applied in this case, 


ie, Fe 7° 
if 


Proof ; 
Let in order to calculate the wortedone by gravitational force, the distance between 1 to N is divided into equal 
: . ce mase of body | mall steps of lemgtns Or, 50 shat the value of force remains constant for each step. 
v, = initial velocity of the body | Workdoneduringy step (1 to 2) 
F = force applied on the body | Suppose , 
— M= mass of earth 


f,= distance of point 1 from the center of the earth 


v= final velocity of the body 
f, = distance of point 1 from the center of the earth 


* 
The work done on the body is 


Work done =Fd | eh yh , Glulat on of F 
Now, according to equation of motion a ‘distance between the center of this step and center of the earth is 

gad=v vy (as S=d)} eith (1) N- 
OR d= aN (oS | Aso displacement of body from point 1to 2 is 
| Ar=r, —1, (2) 


And according to Newton's second law of motion 


F=oma = (3} 


Using equations (2) and (3) in (1), we get 


. 4 
r = Ar+ [, ae. _ (3) 3 
1 


SEEN Sa Greer ae 
Work done =ma—(v, —¥, )==™(, —¥, ) 
a 


oy 


= _ 


a Cee, 
OR  Workdone= tad == my; | 


OR Work done = final K.E. — initial K.€. = change in K.E. 


Note 

» if a body is raised from 
gravitational P.E. 

* ifaspring is a compress 

elastic potential energy. 


Now, the gravitz 
step is 


"vi 
MI 
“an 


Thus the work Sore curing + 


Mm 
i. r. 
r rE r, 
W,.. =-GMm| —=- — 
| <a 7 
ae 
ek a 
Wi. = aan —-— 


Work done during 2 step (2 to 3) 


Ww. --GMim| + “a 
Work done during last step (N-1 to N) 
For last step work done is, 
ae 
Wao = —GMm a 
Total work done from —_ 1toN 
Wee = Wi+2 + W, 3 tee Wnts. 


(xt 


a F 
= = = er = eee a! ee ee oe Oe ee = 
WOCY ol GIStarice | . ie Cen ove ea&fin & 
tr 
= ie | 


| aasolute P. E on theisurface of Earth 
Wan the body lies at t the surface of the earth then, r=R. So, equation (§) becomes 


(10) 


There more energy reaching 


here R ic the radius of the earth and the negative sign represents that gravitational field of earth for mass m 
Earth in 10 days of sunlight | . he 


= i 
wnt a ee 


than in all the fossil fuels | 


-. - he 


|" When the body moves away from earth’s surface, r increases, U increases. (Le. it becomes less negative.) 
When the body falls towards the earth’s surface, r decreases, U decreases. (i.e. it becomes more negative.| 


bei: calculate P.E. choice of zero reference point 
' The choice of zero point is arbitrary. 

b, 1°20 take the surface of the Earth or the point at infinity as zero P.E reference. 
eres! sah P.E from one point to another is significant _ 
pants in Pi as we move a body above the Earth's surface will always pas 


GiMin 7 
i ‘ : 
hy 
AS (he DOOy goes Out of eravitatw hei, it P.E&. becomes zero 
, GM Thy 
+ _. ase 1 = a = (? 
RK x 
Thus the initia! KE. needed by the body to reach Infinity (i.e. out of 
gravtatona! held) s 
ee oe Cie 
fitiat AE = - - 
IN 
= | ., GMm 
OF —mvy" = | 
Where m =the mass of the body; M = mass of the earth and, R = radius of earth 
- _ m," 
OR vo =o 
‘7 R 
pe | fem | 


(2) 


os" 
This iS €xpression for the escape velocity of a body. 
Another formula for escape velocity 


As the gravitational force for a mass m placed on the surface of the earth of 
mass i§ 


—_ G¥im 
R a 
But -= me 
Sc oe GM 
io 
| CrN 
R: 
OR GM=gR* 


Thus equation (2) becomes, 


OR 


Value of escape velocity on Earth 
As  g=9.8m/sec’ and R=6.4m0°m 
J2x9.8x6.4x10" 


11.2 * 10° m/sec 


So vi 8 


(_ hapte 


—— 4 a 


a oncuss. iter ( OnVe Psi of pote riti ‘il cer) é gy and kine’ tic P ne rey. 
— piscu hy 
0.3 


under tne action of gravity Uitte a fore 


“all 


J falling free| / 


, Suppos 2 a body ol mass m |e reiiat re “agh hy a0eve ne 


: Moon | Kinetic sere of Fhedy ® O 

Mercury 43 | 1 the total energy at A's 
fps $1) Exgmen + ° 
| Venus fie (1) 
Nepyune + ‘B, whell body falls 
Uranus “ Change 'n P, E. & K 

Saturn iy | At position B 

6 


Jupiter ‘4 
| ‘ | 
downward distance covered by the booy =x 


heightuahibady fron the surface of earth = (h-x) 
Potential energy of the body = mg (h-x) = mgh —ME—x 


3 
Kinetic energy of body = 5 me peas 


Where vg is the velocity of body at point B. 
Calculation of vs 
By equation of motion 


2ad=v}-v) 
“A vi=2adty) sie 
hal vi=2ex t0 bs v,=0,¥, =Vp d=xanda=s) 
| OR = 


‘ting this valt eof 4 in equation (2), we have 


. 
if 


oo = I 
xT + 2 
‘iw 
i 
= a 
_ 
a 
ms . i ¥ | 
_—s F 
= ri oi 
al 
sa | 
a= Zi 
7. | 
| _ } 
= ] = 
= — Peo. = 
Lz (ees 


J 
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it eS ee SS ee ied thee Wo | 
———t Ork 2 Fi, 
snl | 

Where ve is the velocity of body at point C, ; 
Calculation of vy, 
By equation of mation | 

Jad v ! 

: | 
(ie | wae | : 
On Vie eho ‘iv e0,v,"v,,d°handa=g] 
On v.=@=2ch 
PUTLINg this value of vw in equation (4), we have 
| | 

KK | mM (Qehjemaeh 
90, total energy at position B 

L-e ou meh 
Ool Le e meh (5) 
Conclusion 
If a body falls fram a height hy, then at Height hy above the surface of earth V/ 

Loss in PLE, @ Gain in KI | 
meh meh, e— my," rv, 
. 

OR Img(hy=h,) © =m (vy? = v,") 


Where v, and v, are the velocities at height hy, and hy ¢ espectively. 
* P.E. and K.L. are fnterconvertible but the total 
energy remains unchanged 
®* inthe absence of friction, 
lass inPuk 


eainin Af 
* Inthe presence of friction, 


lass in PoE = gain in KO 4 work done against friction 


; 
Le. mehe —mv +ih 
0 


— 


Q.14. State law of conservation of energy. Why new sources of energy has ta 
be developed if energy is conserved? 


Conservation of Energy 
Statement 

Energy cannot be destroyed. It can be transformed from one form into 
another, but the total amount of energy remains constant, 
Conservation of mechanical energy 

The K.£ and P.E are the different forms of mechanical energy. 

The total mechanical energy of the body is equal to the sum of 

y: shes a into K.E, Similarly, the KE may also be 
Chang into P.E, but total energy remains constant. | 


>. ae | oi 
‘ OY asi hod awe 


: hud : 


~The tides and winds blow across the surface of ocean. 


LS _—_——_—_——_=__- 
ee 
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Gch? 


ically total energy = P.E. + K. E.= constant Energy Sources 


ut em Ban fy at pap Sehrene © alle 
mat : jeclal Ca5e of conservation of ene vy ie tie ae NE st 4 
this 14 me of —s ppl ' Ph hiah adore trie =n re 
Leg life we gbserve many Cherpy Changes from ane form LU anotne: : | 
| - . r taeda 
" oat | enerky transters heal the environment and CTT yes |GGh in the ial ee | 
» last 2 = alas , | Fihanolildeihanel’* es 
jal os if while I" i¢ Wceless, 50, ucery| eNnerey ies reasine (neuen toral ar — r ca tea 
OT ee | ld | | | Lin) fe ene y FUE 
on ronserved, | hat is why we need to develin new soulrees of * Renewatie whan nade Ne 
enerey id . —— 
enerpie>: ——————— — 7 — 
ee we different non-conventional energy sources. 
0 15 Discuss the different non-C@ ae! : ie BY . | 


Non-Converitional Energy Sources 


f ea Sat aah ides 
= a . r ; i ' i i! a j F A i at ye ‘al (nem alt riven 
are mot very common these days. son f 


These SOUrCE 
below, 
Energy from Tides “neat 
Gravitational force of the meon produces tides in the sea. The tides rast the 
water in the sea Foughly fwice a day. 

Explanation : > ok 
Water at high tie can be trapped ina basin by constructing @ ah a“ . 
filled at high tide. Then, water Is released In a controlled way ig oe 
derive the turbines. The dam |s filled again for next high tide ec he 
water also derive the turbines. This process ls used to generate the ¢ t. 


omic Fee ales, Greg base 


Fig. &.98 


2. Energy from Waves rese waves produce strong water Waves 
The energy of these waves can generate electricity. 
Salter’s duck ne 
he device which |s used for this purpose was Inven 


Tre on ‘ 
hoa | 
i! ra) ) 
t i j 


ted by Professor Salter called 


3. Solar Energy 


it rr rr ah 7 Pet ee a i — — im  . A _f « ' § 

oS SE Major source of energy on earth. “Solar energy at normal incidence 
Vr + jiu -« i- * : > , s 
Outside the earth's aimosphere per second per uni area is about 1.4kWiyy. 


which is referred as solar constant.” While passing through atmosphere the Z ab of the Earth 
‘ota! energy is reduced due to reflection, scattering and absorption by dust eta ipa we? Cay gesidua! _ cks within 10Km Of the earth arecpresent 

rPi-le ) . i | | +: i —_ ~~ yi —* @ ne TOC wt eee GOR SENT IN TYG orm Tho 
parties, water vapours and other gases. On a clear day at noon. the <ol- IS) fF Se Bierigneo® ™ am interior Dart af thea wer. They 
Res oe : dy InNé solar ry] 4 pote + energy from interior part of the Barth The temperature of the< 
energy at the surface of the earth is IkW/m- | if T vane | conduct Neds re ek PS 
oe: | —_ | yf a 4 Viling | ; C or mo 
Solar energy is used to heat the water Dy solar reflection and thermal absorhber< a | rocks 15 4 am of Material 
t can also use to generate electrical energ See ee toe a ee a ompression OF T's | 

an = to generate electrical energy. For this purpose, the surface of the Sa surtacy w de the earth, the compr@ised materiglScause for the generation of 


collector is blackened to absorb the heat energy. It can heat up the water yu 
7O C1To get higher temperature: we use the reflectors or lens of large size 
Photo voltaic cells 


p to | peat enelBy: 


in some places. ah aa ee” conte 
4a ised to high termperature ano pressure in foun of not springs, geysers or steam 


sents, The steam produced yin.amis way.can run the turbines or for heating 
vents. 17 | : 


water beneabl TiG@eecround is in contact with hot rocks and is 


Sunlight can be converted into electrical energy bY photo voltaic cells. They are 
made up of silicon. Electrons in the silicon gain energy from sunlight to create 
voltage. Solar panels are expensive but of long life time and have low running 
cost. : 


' purpose. | | | 
: Ea herthal energy may cause To produce hot geyser releasing with an explosive 


) column into their. They Usially occur in volcanic region and erupt with irregular 
intervals. This extraction Of geo thermal seriously disturbs geyser system by 


| reducing heat flow and aquifer pressure. 
| “Agilifer is @ layer of rack holding water that allows water to percolate through it 


For cloudy days or nights, electric energy Can be stored during the Sun light 
Nickel cadmium batteries by connecting them to solar panels. i 
They are used to power satellites. They are also used in remote ground based 
weather stations and rain forests communication and also in solar calculators. 
4. Energy from Biomass 


It includes the organic materials such as crop residue, natural vegetation, trees, 
animal dung and sewage. Biomass energy refers to the use of materials as fuel. 
Two common methods of conversion of biomass into fuels are direct combustion 
and fermentation. 

Direct Combustion Method 


Direct combustion method is applied to get energy from waste product 
commonly known as solid waste and confined it Into chamber and ignite j&} The 
heat produces is then use in a boiler to run the turbine of generator. 
Fermentation Method 

Bio fuel such as ethanol is a replacement of gasoline, which is obtained by 
fermentation of biomass using enzymes and by decomposition through bacterial 
action in the absence of air. The rotting of biomass in a closedvtank called @ 
digester produces biogas which can be piped out to use for cooking and heatin 


5. Energy from Waste Products te 


it is probably the most commonly used conversion process, in which waste 
material like wood waste, crop residue and municipal solid waste Is burnt in a 


ie 


Pomunal ron. can be rocked i 

(! ) oop’ vse muss inno 

(-) Use geathonral. Soar. y-4 

hy dreelectrical and wind én) §| | — ; 
| sheratvefars lense |e | | Work done by constant force 


| 
| F 
| z 
J 
; — "y 
j 


jaf ' ie Ome ae 


confined container. Heat produced in this way can be used in @ boiler to produce 
steam that can operate turbine generator. . 
6. Geothermal Energy oT « er" a 
The heat extracted from inside the earth is in the form of hot water or s ean 
can be generated by following methods. 


CT Ae 


1 


10, 
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Multiple Choice Questions 


_potar’s PFE 
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absolute p.E of a body at Infinity is 


ra. =f : 
r" (a) Ze°O (b) Nebative 
= r (c) infinity (d) Botha & b 


four possible answers fo cach statement are given below, Tick ( “ the Corres had ii which one of the following does not effect the orbital velocity of a satellite ? 
———— . — . _ - —— : —_ =. Af. f Vive yp: we . > alll Sd te 


rT 


(a) mass of planet (0) Mass Ofsatellite 
Which of the follow! Se ee 3 = | ‘ | pull of earth (d) None 
Which of the following types of forces cannot do the work on the particle ? C) | | ) 
(a) Frictional force (D) Gravitational force 5: when psec ON ia la it | | 
(c) Elastic force (d) Centripetal force | (a) K.E IS ne (0) its accelération is doubled 
a oo aah I lanl dea . \ pF is doublec (d) Its momentum isc douhle 

Relation between horse power and watt Is: | (c) P.E is do | : 10) Its momentum is doubled 

ee ta - cumoption of energy by a 60-Wwatt bulb in 2 second is: 
(a) ihp * 766 walt (b} ho 146 Watt : 16. yeni y Hee 
(c) ihp = 736 watt OT ah Sle Lr (a) 120 ») Ge 
73 (d) hp = 796 watt | ie) 30) id) 0.021 

roton, Neutron, electro lo partic ie ema rican | a | a 

, Neutron, electron and @ particle have same momentum, which particle have greater) 4, Dot product of force and velocity is: 

(a) Cf (alpha) particle (b) Proton eeterke 7: wie —— bh) Work 
| N | e1cels | (| Pressure ti) Wor 

c) Neutron (d) Electron (c) Momentum (d) Power 


Slope of work-time graph is 


(a) Work ' 4,  Aforce of 10N displacesa body by 6m in 3 seconds the power of agency applying the force Is: 


(by) Wisplacement (a) 180 W ib) 5 W 

(c) Power (d) None (C)eteB.W (d) None 

When two protons are brought together, then | 19, lf we go above the surface of earth, the gravitational constant 

(a) Their K.€, increases (b) P.E. decreases | (a) Remains Gonstant (b) Becomes zero 


(c) P.E. increases (c) Varies inversely to the square of the distance (d) Varies directly to the square of the distance 


The typical source of wave energy Is 
(a) sun (b) moon 
Ac) garth (d) mars 


(d) P.E. remains same 


A person holds a bucket of weigh GON. He walks 7m along the horizontal and then climb up vw! 
5m. The work done by man Is: | 


(a) 720) 

(c) 300) 

The SI unit of power (watt) Is equivalent to 
(a) Kgm@sns 

(c) kgm's* 


(6) 420) 
(a) None 


(b>) kamen 
id) None 


ey a of igm and 4gm are moving with same K.E. The ratio of thelr linear moment are 
18) 1116 | 
(6b) 1:2 


(c) sfas (d) 4:7 


Pick out the conventional source of energy: 


Short Questions of Exercise 
(a) Wind energy — 


_ mt 
* 


\¢) Tidal energy (d) Bio mass energy w are these two situations similar? 
Escape velocity of a body depends upon t! al — : ——- 
ty eae a DG ends upon the : Bi a? 
(a) Mass of the planet (b) Mass of the body coro tre | Pe 


ic) Velocity of the plant (d) None a po (edo) r 
KWh la the unit of re es 
(a) Mas@ tet 


(b) Wark 
(d) Time 


(b) Tides 
(d) All ofthese 


(c) Power 
Which one Is 
(a) Wind 
(¢) Uranium 


= 
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Q.4.2 Calculate the work done in kilo joules in lifting a mass of 10 kg (at a 
vertical height of 10 m? 


pall of mass m is held at a height h, above a table. The tani ae ee eee ae 
student says that the ball has potenti} energy ‘i table top is at a height h, above'the floor. 


Mtn 2006-2009, Lhr 2006, Fsd 2006, D.G.Khan 2006, Bwp 2007-2 ; 
( 7-2008, thr 200g Ory ‘o one > gh, but another says that it is mg (h, #h,) Who 
Ans. Data: m=10kg is correct: | 
h=10m ans goth of them are correct. 
W (Ki) = 8 _ Reason 
Calculation: As the work done is equal to increase in its P.E. So, since P.E is always measured with respect to Some reference 
W = meh point. Therefore, we can say that firstestudent has measured BE 
W =40x0o8x1 with respect to_table top (mgh,) while the second student has 
OT measured P.E with respect to floor = mg (h, + hy) 
W = 980) 
W .= =——K, | o4.7 When a rocket re-enters the atmosphere, its nose cone becomes very hot. Where does this heat 
1000 


energy come from? 

Result! W = 0.980K) \Grw 2003-2009, Mtn 2004-2009, Lhr 2005-2006, D.G.Khan 2005, Bwp 2004, Lhr 2010-2011) 

Ans. Source of heat energy 

Q.4.3 Aforce F acts through a distance L. the force is then increased to 3F, and then acts through a hit When the rocket ré-enters the atmosphere, then some of its kinetic energy is used in doing work 
distance of 2 L. draw the work diagram to scale. | against friction with dusparticles and air, which is converted into heat. Due to this heat energy, its 

| -nose.cone becomes very hot. 


Ans. Force displacement graph: 
AS area under the force displacement graph is equal to the 1 oe a 
work Gone Dy the body. So 2F 0.4.8 What sort of energy is in the following: 
(a) compressed spring. 


(b) water in a high dam. 


W = (FL) + (3FI(2U) 
A, = PL + 6FL 


W = 2FL ‘e) L 2L 3. a ta | (c) A moving cer. 
4—> | Ans. 23) A compressed spring has elastic po 
Q.4.4 In which case is more work done? When a 50 kg bag of books is lifted through 50 cm, or when) b) Water in the high dam has gravitotic 
kg crate is pushed through 2m across the floor with a force of 50 N? (Lhr 2010" | c) A moving car has kinetic enere 
Ans. | 949 A girl drops a cup from a cata height, which breaks Into pieces. What ee ne 
Case |. Case Il: Involved? I, SS 
Dato: Data: ms Energy changes 
Mm, = SOkg m, =50 kg A poe. ence abil certain height losses its gravitational potential ene : . B cies 
h=50cm=0.5m d = 2m ” Ground then a part 0 of this kinetic energy is used to break the cup and cost Ui Cre, 
W,.= ? F=sOWN , 
W, = 
W,= mgh | Calculation: | 
=50*9.8*0.5 W; 5 Fd ? 
= 245 J = (5¢ 


TfL. 
= 


Result: More work is done in_case /. 


Q.4.5 An object has 1J of potential energy. Explain what does It mean? 
(Unr 2004, Sgd 2005, Mtn 2005, Federal 2005, Mir Pur 2006, Grw 2005°; na 29, 8 

Ans. We cow tat ener fined a he city of ody to ow 

potential energy means that the ity to do a work of eu n 
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Examples § |  sihCt Dass 


site hy = 5m 
re: rt 3 | . Y Final height = h),=3m 
A force F acting on an object varies with distance x as shown in Fig. 4.7. Calculate the y 4: 
by the force as the object moves from x = 0 to x = 6 m, Ork «| Te joe rocity at height 3m above the ground = y, = ? 
elo 
Given Data: 


A foree acting on an object varies with distance x as shown in Fig. 
To Find: 

Work done = W =? 
Calculation: 


| ajenlation: i Neb 
4 i loss of P.E = Gain 1fkK.F. 


mg(hy—h2) = Jmi(v; = Vp) 


| Putting values, we met 
Total work done = total area under the curve | ~~ ae 
pial work: dong. = tol Srot Ok ailh 2x WB(S—3) — x20 ¥5-0' ) 
= area of rectangle + area of triangle 2 | 
=(4m x 5N) + — (2m x SN) ia” line 
ae | , ~— - ‘ = 
yi = S90 Des v2 = Vv) 
=20Nm +5 Nm 4s _o— 
m 95 Nm So = 6.3 TLS 
= 35] 


} Exercise Problems 

aeronautics. fight of stairs in 4s. The vertical height of the stairs is 4.5 m. ale Te Aden wiithes a lawn mower with a 40 N force directed : at a pages oh 20° dom nward from the 
Given Data; horizontal. Find the work done by the man as he cuts a strip of grass 

Massofthe man = m = 70 kg ) Given Data: 

Time taken t =4 sec. | 

Height of the stairs = h =4.5m 
To Find: 

Power output = P = ? 


|! 


Applied force = F = 40 N 
Angle = 0 = 20° 
Length of strip of grass = d = 20m 


a 
= 
af 


Calculation: Work done= W=? 
As power = P = had . 
t — a 
iork = W =F.d=Fdcos0 lal 
os p= mgh work W =F.d=Fdcos? = os 
{ 


| __ W= Fdcos6 
Putting values, we get i 


Pp 70 «9.8 x 4.5 
4 
= 3087 


P= 771,5 wall 
Or P=7.7 x 10° watt 


Given Data: 
Mass of brick 


162 a = ; Chapter 4 [Work & 
Hemght © he 100m 
To find: 
Work done by gravity = Wy" / 
(a) work done by friction = Wy"? 
Calculation: 
(a)i- Work done by gravity * Fh 
= Fheos0 
As gravitational force is as the displacement, therefore arigle between mg and h js 0° 
50 W, = mgh Cos 0° 
W, = mgh 


ae 3,35*10°x9,8* 100 
W, =3283%10" 


(b):- Work done by friction =W,= Eh 


W,=fhcos6 | 
As friction is opposite to displacement, therefore angle between frictional force and his 180°, 
So WgPA NCSI” (>. cos 80" = =1) 
W,=-fh 
As the drop is falling at constant speed so => W=mg 
W,=-mgh 


Putting values, we get 


W, =-3.35*10°x9.8x100 


43 Ten bricks, each 6.0 cm thick and mass 1.5 kg, lie flat on a table. How much work is re 
stack them onc on the top of another’? 


Given Data: 


lass of each brick = m= 1.5kg 
Height of each brick = h = 6cm = 0.06m 
Number of brick =<, =10 
To find: i 
Work required to stack them one on the top of another=W=? 


quired !9 
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W, 


work done tor 3 j 


me cos 0 =mph 


" bric K When nlace On ht 


the two bride 


W,=mg.(2h) cos 0°=2meah 
Similarly 
W 4 ' smen 
W, = 4meh 
W, = 5mgh 


W, = 6megh 
W, = 7mph 
Wy = 8mgh 
Wig = 9nigh 


; Total work done is 
W = W. + W, + Wye, + W, + W, + W, + W, + W, + W,, 
W =0+ingh+@mgh +3mgh + 4mgh + Smgh + 6m eh+7mgh +8mgh +9mgh 
W =45meh 
Putting values, we get 
W = 45x1.5*9.8x0.06 
Mt 39, 69 
oy| (approximately) 


s4kmh' is brought to rest in 60 metres, Find the average 


car of s 800 kg traveling at alc, 
ss Sat St aa i Ke * happened to porte hal kinetic energy? 


7 retarding force on the car. What has 
Given Data: 


Mass of car = m = 800 kg 
p initial velociiy sag pies = 


P meas 


— 


54x 1000 
60x 60 


=15m/s 


4) t ~ 0 ’ * 


400 x 225 
' 8S ——— 


60 
Or F =-1500N 


Negative sign shows that it is retarding force. 


due to fnctiona! force 


4.5 


friction is 480 N? 
Given Data: 


Mass of automobile = m = 1000 kg 
Height of incline = h=10m 

Length of incline = s = 100m 
AveTage retarding force = = 480 N 


To find: 


Final speed of automobile at bottom of incline = vy =? 


Calculations: 
AS 
Using the relation 


r =a 4 i a = 1 r ‘ Ca a 
— — 


AS the velocity of the car is decreasing, so its kinetic energ 


000 kg automobile at the top of an incline 10metre high and 
down the hill. What is its speed at the bottom 


loss of P_E = gain in K.E + work done against 


[O00 « 9.% * 10 - 480 « 100 = —x1000Vv’ 


- 


oF 
44 


98000 — 48000 


cs ar : iF 
i - Ay) 


also decre 


friclion 


ases and beconye 


| fo (nd: 


( siculations 


nelr 100 m long is released and ro, | Or 
of the incline if the average reta rding force due ty 


(a) 


(c) 
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a | chal 


Heimh cil We ‘ari hy lm 


lime taken@= / & JO min 


Density of water p O00 kee logan 


(a) l ric fea IT) \4 ig men r 


é 
(pH) Piyy er o¢ livers rheirrce 
} J rh larg 00 © hed Ge ‘pee r 
: Mla 
Ay Gens) y — 
4, 
Lill 
' ry © i i a 1 
las ~ & yh oo * UETsily 


Or rT) = yi # ) 
Ur pri VOx 1000 
i= QOO0 J ke 


Increase in P.E = mgh 


Increase in P.E .= 100000 « 9.8 « 10 


Increase in PE = 928x109 
Power delivered by pump = 
work 
p. Pt. 

t 


9.8«10° 
1200 
P=8166.6 


P= 


— 
— 


a F 
| Zt) or 


oe 
: ; _ 
» = 
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7, a 


Tt P=S9kW 


4.5 I ns SS ' ". a | 
8. How large a force is required to accelerate an electron 
> Be Di enc | | i 
«0x0 ms” through a distance of 5.0 em? 
Given data: 


on 5 ' —_—— = | 
Mass of an electron = m =9.) «19° Kis 


intial velocity = v =0 


Distance =q= scm =0.05m 
Te find: 
Force required = F = ? 
Calculation: 
As work energy principle is 
Work done = change in the K.F. of the object 


Cc, 
Fd = mv,*- 


7 
— MTV 
“ | 


= — 


Putting values, we pel 


[x () 04= ¥ 9 1s IO Lira > x 07) 


Fx 0.05= 2 


Sal lx1077! 


y, | se Wy hh 


= 


a Loe? 


0.05 


4.9 


neglecting air friction, 
Given Data: ' 
Weight of the diver « mu 750 N 
Height of a point above the bawed =hi- 10m, 
Height of « poids above the waver gurtace = ih, = $m 


7 
- | e 
a. 7 @ 
— Py i 1 ; ai8 
. ; 4 
= n 
. : 7 = = _ = 
” a ; = 


L 


() 


mecwuatlng fee trom a board 0m above.the surface of; 
conservation of mechanical energy to find his speed by ey ry re 
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(Wor 
~ A : 


geholat * 


speed 0! give! wt 


«jeg hw tlons: 
Gain ol K Cs Of ) | 


ik me(h.-h. 


IS10"'kg ) from rest 10 8 Snegg Or v =2g(h,-hg) 
a Putting values, We get 
v°=2%9.8( [0 5y 
vi =19.0%5 


V'=9R 


v-9 Onwe 
v=) .Um/s| 


A child starts from rest at the top of a slide of height 4.0 m. 
(a) What is his speed at the bottom if the slide is frictionless? 
(b) If he reaches the bottom, with a speed of 6ms”’, what percentage of his total energy al the top 
of the slide is lost as a result of friction? 
Given Data: . 
Initial velocity = v, = 0 
Height=h=4m 
To find: - 
(a) 
(b) 


4.10 


specd of child at the bottom if slide is frictionless = v= ? 


% age of total energy lost=? +4 
, all 4 _ : 'S 


Si 
4 


if velocity at bottom is V = 6ms” 
lations: Tt, 


FOP. te ea 5 * , - 2 * 
=f . ; Po ; 
> 2%) i ix 5 i = _ 41 a. 
hace. id — = ie 
as a Tr J ri 


| 
, 
" 
4 
1 


4. 
a th. oT 
 _—s a 
ri a im 
oe ae 
a F | 
i 
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In the presence of friction polar’s PHYSICS —Al (Su bjective) 


; j 
| Speed = V = 6m/s 
P. E. at the lop = meh 
=mx98x4 Chapter 
= 39.2 m 
K. E. al the bottom = } mn yl | “5 | 7 : | , 
; SAT EPeEe .. CIRCULAR MOTIO! 
| =4 xm x (6) | 
| | | 
| =>. xmx 36 
: | 
| =1§ | 
= — ~*~; - : 
| Loss of Cnerpy = 39.2m ~ 18m m+ Desthibe angular motion 
: ae ie. : | | | 
= /)| 2m 2. Define angular displacement, angular velocity and angular acceleration. 
. ; 
% loss of energy = Loss of Cnerey < 100 3. Define radiamhand convert an angle from radian measure to degree and vice versa. 
Total Ener | 
“'8) , 4. Use the equation $=r0 and v=ro. 
- 2] 7 
a per? ea ay a i. tT) | | ‘ : 
| i’ loss of energy = = x 1) 5. Describe qualitatively motion in curved path due to a perpendicular force and under stand tt 
| 17.20 centripetal acceleration in case of uniform motion ina circle, 
| = 54% | | , as Z . | oe aj 
6. Derive the equation a, =rw’ = v'/r and F, = mw'r = mv'/r. 


7 Understand and describe moment of inertia of a body. 

8. Understand the concept of angular momentum. 

G - a's [ r lescribe examples of conservation of angular momentum. | 

et Scholar Series books | ™ — Understand and express rotational kinetic energy of a dsc anda hoop onan Inclined pla 
Ph jen Wie ". Describe the motion of artificial satellites. 

= ys icS - pygerrtand that how and why artificial gravity is produced. 

4 %  Unders in satellite appear to be weightless. 

Chemistry ? Eve ope satellite appear to 

Biology 


lrany orbs and lid velocity of satellites, 
aa Mathematics 
(Subjective & Obi 


a : 
c # : i 
‘ 4 


———————— 


| Wescecely | 


_ Orbital 
Aruficial 


Rotational | | 


hoop 


9 
E 


2 
= 
na 
= | 
S | 
a | 


| Rotational 
| K.Eofa |a— 


CONCEPT MAP 


El 

=| 2¢ 5 

oO] Gs & 

| 5) as 
i @ 


® Motion of | 


momentum 


around 


top 
|e Motion of | 


Al 


(Subjective) 


HYSICS 


ylar Motion 


j anject i tf CMe 


cure 


F WG pith is celled . 
» martian af a pusin CEE CM or ppt hrny 


4 astone whirled around by & string 


[he itiri (if i hie ay if iris fy i isnel , 
fie dire , TMU TY € harper es 
ee | 


2) A ggtellite in orbits 4round the egy re. 
; | 4) Motion eT | ee] @e Tron if! ators 
x 4) Motion of CO's. 
6) Motion of circular saw Biage nn a 
6) Motion of ceiling lan Pe 
7) Motion of merry ZO round etc . 
; Pia 210 

_¥ ‘ a1 Define and explain angular displacement. Show that * ‘radian =$7-3 

. y r 

2 | | 8 

2 F F Angular Displacement 

a cud | | ae . 
oO | The-angle subtended at the center of a circle by a body moving along the 


| circuniference in @ given time is called angular displacement. If is denoted by @ 
«Explanation 


Consider a body of mass m moving in a circular path of radius r. Suppose this 


~ 2 | S| motion 15 taking ace BY siesta the pares! P at the end of rantoe eer rod 
bi oo r= 
7. -« a » 
< 3. E | Ts : 1 - plane of circle die to mation of the conde F P. The axis “al rotation passes 
3 3% : . 2 through the center of the circle, which is perpendicular to the plane of circle 
° R While OP is rotating. 


Suppose at any instant t the position of OP, makes an angle 0 with x-axis. After 
game time t+At its position be OP, making angle 9+A0 with x-axis. Thus the 
Sh cabal seprecement can be Lidia as ine “Adit Ae bet OP Bai ta) pe a 


= = | 
i 


#; 7 Pa 
i 
t | 


g angular placement 30 postive wis 


, 
i ee 
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Relation between linear displacement and angular displacement 
"uppose S is the length of the circle of radius r which 
mares an angle ‘0’ at the center of the circle. Then in 
terms of radian, it can be expressed as. 
g . Length of arc 
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ar Acceleration 


gul 


ad) 


Sil - [i i To hance of angular velocity |. . 
Radius of circle ' 7 ’ fine role of change | ji ‘6 ) elo iy 1S called One ular ficceleration 
5 \ z P Angular Acceleration : 
9 = ~(rad) Seer im electric fan, the angi - S 
y— Liat} | | | An OFM Creciric fal, eG Area aalnciti a : a ~~ 
r ) sieaeh we cwiten On } U af Vi Jt i ¥ BROC4 on Tate reas \p \/ fi) ‘ — - i 
————__— ea " ' | TIF mMmmcitv ang wis thé nine an ee aA :: i- 
Or : " the initial angular v' <7'04! arBillar velocity Bt time t,-and t, we 
aly Then the average dnRwit @eecleration Wor ‘ | = 
ar’ vely. Then i UT) | all lire tet le ¢ | ad 
mespectl¥ r yt) 1S Can be 


gj a “he ratio of total Gudnge in Wgular velocity to fhe total time 


define 
=< or, 


This is the relation between linear displacement and angular displacement 
Relation between radian and degree . 
in one complete revolution the linear distance covered by 
the circumference of the circle Lé@., § | 
= : = om = 2n radian 
f r 
So, 2m radian = 360° = 1 revolution 


Or irad = 36" 


FOR YOUR 
INFORMATION 


When angular velocity of 


a Particle is CQuaAl to 
al en and the angie La radian would ne thie heey MN increasing then 
Oy ie | ! Ti hop e 


angular acceleration |e jong 


© | 
Dstantaneous angUlap acceleration 
The instantaneous angulanacceleration can be defined as the limiting value of 


| the direction of angulas 


| 
| 
: 
; 


velocity and We aneulas 


r | velocity it decreasing then 

= he | dO 6 opposite to the 

7 ee LS ag the timeinterval At approaches to zero, is called instantaneous anpular 
*T © he Al 

360° As the whee! tans traga file eau 


ange 0, It ay OAS iege 
So, € 


CmanceS=*9 > 
Ayvector quantity. The direction of angular acceleration is along the axis of 


| dlrecthon af angular 
velocity 

3 Aw 
oe © lim— 


7 oy ail Al 


Wadlan = $7.3" 


—  — : 


Axis of Rotation 
All particles of @ rotating 
body moves in circles. The 
line jolning the centres af 
| these circles Is called axis of | 
rotation, 


why 
j 


4 unit of angular acceleration is rad/sec’. Its dimension is bal 


M4 Derive the relation between angular and linear velocities. 
t rw OR 


= Py 


‘7 . 
: is 


Angular Velocity . 
Time rate of change of angular displacement is called as angular velocity, | 
Suppose AO is the angular displacement during the time At the overage | 


angular velocity can be expressed as. 
», «A 
at 

The Instantaneous angular velocit 


id J 4 tn 
- iia bed 


y can be defined as the limi 


44/4t as the time Interval At, following the time t, approaches to ep 
bee | ir | 
a‘ : Al , . ' sae ; 


Direction P 
Angular velocity is @ vector quantity. its direction is. 
can be determine by right hand rule. p 

Unit 
The Si unit of angular velocit 
and degree/sec, The dimensi 
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AS A 


Al i | 
Applying limit At > o 

AS AW 
lin lim 
ree AL doo At 
| AS an AQ 
lim r lim 
Ar af} AI all Ar 


Or NV > ro} 

In vector form vVe@oxr 

For limit At—> 0 the length of the are P,P, becomes very small and its direction 
represents the direction of the circle at point P,. Thus the direction of velocity v 
at any point P is always tangent to the circular path, So the linear velocity 
point P is called tangential velocity. 
Q.5 
ins.) 


at 


Relation between Linear and Angular Acceleration 
As the reference line OP js rotating with angular accelerationca. The point P also has a 
linear or tangential acceleration. As we know, 

Ave rAw 
Dividing both sides by At 

AV AW 

Ls | Al 

On both sides, we have 


Applying limitas At — () 


_.. &V¥ , : 
50, limo ——= lim ff 


Or ; 
In vector form i = 0 a, 
Where ais the tangential acceleration 
Note:- | 
Advantage of rotational motion over translational motion | 
On a rotating rigid body, the points at different distances have the sam an 
displacernent, angular speed and angular acceleration. While they have differen 
linear displacement, velocity and acceleration, ‘ aie 


"] 


= 


i 


ation of Angular Moti 


Equation of angular moti 


=, 7 - F ; : 
i a = 


gcpolar’s PP 


ave been replaced with U, w and a respectively, Thy< 


ySsIcsS Xl (Subjective) 


yoda 


me for linear motion 
| ons for 
Equal 


vy =v + al 
Sevit + at’ 
2aS = vy - Vv 
 gquation for angular motion 
@yenyrart 

| + Je mt +% at’ 
a(n = (Oy : (a 


| fquation of angulat Motion Hold only Af axis of rotation is fixed. In this case all 
the angular vectors havethe samewirection. So they can be treated as scalars. 


=, | Centripetal Force 


_ The force which bends the normally straight path of a particle into circular 
gy path is called centripetal force. 


| l 

| rn 

ee 

| bey ‘eanatlas - 
i‘ : aE, | 


which compels a body to move in a circular path is called centripetal 


| Consld te body attached with a string moving In a circular path. if the string Is 
-[ inPred (broken) then it would not continue to move In circle. Observation 
‘tom, Ifthe string snaps, and when ball is at A then It will follow the straight 

" Int path AB, So in the absence of some force which pulls It toward the center of 
there? Dall will not continue to move along circular path. It will move slong 


| Q7 Define and explain the centripetal force and derive the relation for it? 
DT dL ———— 
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gholar’s FFT” 
— 


, ; = = | — satrine F | force _ ——————— 
| expression for centripetal force 
™ . As re = Ma, 
as Se Sg Ps | Vv 
A’ And a : 
nz 7 = 
ms 
2) 3 — sie + 50 r 
." eee 
in angular measurements, this > EQUATION Detomes 
Nowe we draw 2 triamgie APQR such that PQ is parallel and equal to v. and PR js . 
= | 99, I 1 
Parane) amc equa tov, . As radius of the circle is perpendicular to its tangent, so | = pace (v = re) 
; cm v= ho 
$c ae —— _— Fig. 5.6(b) J . 
ena Vv. are perpendicular to OA and O8 respectively. So the angle AOB is “ ay 
Equus! to the anzie <aPa | Or Sasee A te | 
Moreover |v, | = |v. |= ray | | “s | 
sil hal ¥, |=wand OA = OB (radii of same circle) Unit of centripetal foree is Newton and dimensions are [MLT “| rfc 
So from isosceles triangles OAB and POR. we Can wri — — ——— : | ir will dae eee oe 
- AS and POR, we can write, 0.8 Define and explain the moment of inertia? Patna er peer epee 
PR OB Dy», — io — Ciro en Stent ‘ r] 
——- se Caiied ibe aie oO] Cleo 
AV AB = * ; . | The TT, - eb _ | whe 
‘ Or SS ee (3) Moment of. Inertia (Rotational Inertia} gi ih sees 
- : | 


Moment of inertia of a particle is defined os the product of mass of particle anda | . 


when At-0, point 'B' is very clase to 'A', then length of arc AB near! weal | vare of ifs perpendicular distance from (pivot) the axis of rotation. = : 
AM Fela ¢ gt AB nearly equal line You may feet scared i Gane men te ee Perpendicular istance from (pivot) th if a ae 
somes ete roller coaster nde inthe ps) 8 §=-_ |tis denoted by | and is given by 
Equation (3) becomes, Bea Re own oven i a, 
Av § , | 4 
—F = ¥ ‘not fall oul of you | een | 
v Fi ae when oc. awn ass. attached to a massless rod which can rotate about 3 
¥y | on @ iil ’ 4 oT oe * 
x  Avy=us—_. ase 24) Loose of many foreesot/ |  _ fictionless pivot O. Let the system be in horizontal plane. A force F acts on 
/ the in going loop on a oll then mass Htersendicular to the rod. ‘So, ‘ > 


Cai Oe te 2ma () eka a 
er 2 Se ee : i cr cal } . 
cg : gray ity, This force rotates the mass m about O. AS the angular acceleration was 


| friction. Due ioc) expressed OS ; 


Putting this value in equation (2), we get 


Where a is the instantaneous acceleration, as this acceleration js cause 
centripetal force, so it is called centripetal acceleration ax. 


Direction of acceleration 


Since PQ is perpendicular to OA and PR is perpengic 0 OB. Sc es 
to the perpendicular bisector of AB. As acceleration is paralie|, * Av when, 1A 
0, So direction of centripetal acceleration is along the radius, towards the cen 


of the circle. So, 


The instantaneous acceleration ¢ és me) 
circle is directed towards the center af 


vt eal 
acceleration. —_ eee. 
ioetal force is in the direction of centripetal accel 

The direction of centripetal force is in the direction gee 


f 05 


| nce of moment of inertia 

This ate that moment of inertia depends upon the mass m and the square of 
perpendicular distance from axis of rotation r. Practically, it also depends upon . : : ——— 
distribution of mass and position of axis of rotation. at Se — ; —— vith aioment of inertia? 
Moment of inertia of a rigid body vou 7 

Mostly the bodies have non-uniform mass distribution. Consider a ngid body 
made up of 'n’ small pieces of masses m,, ™.......at distance rr, ....... from axis 
OF rotation © (b) 


Pr eda Momentum (Moment of linear momentum) 


| | osition vector rw | 
rhe cf oss-product of p ith respetiYo.axis of rotatiomand linear momentum p of a rotating 
Jied angular momentum. 


portcie 8° OR 


aeicle is said to have angular momentum about a reference axis if it moves in such a way that its angular 
| sein ch changes relative fo that reference aXLs. 


- *, 


O f---n000 


aes a body of mass M MOvVINE with velocity v and linear momentum P 
| con origin QyThen its angulaf momentum can be expressed as 


r. salative tO 
~~ (c) —  £ ie 
rs m, ais q %, ra 
- is the ee vector at Uiat instant with respect to origin. - 
(6) — 7 is given BY had 
=e | L =f p46ind 
| | =imv) sind 
L =mrvsind (since p= mv) 
(d) } Mhere Gi the ange between ft and P. 


—-= 
J re seecon of angular momentum is perpendicular to the plane containing ' 
ed by right hand rule. 


are[ MT" ]. 
— i _- 
= |r. 2. * Hf; As* Pal Le 


As e cody s o@d. so ai The “asses rotate with samme angular accelerztGoni.e., 
am = Gs = ee ee 


4 
1 - # = — = eT 
af Sure = =. ‘my, + ‘el | GL 
a 
-_ i 


teers “" is Se mormert of rears OS FT Cam S1er esses 3%, 


Tass, the vs mf sropecs of maxis fe prraces mately snd 
, Petaces tom the ams of # 


Another definition of angular momentum 


The product of moment of inertia and angular velocity of a rotating body is called angulap 


Angular aren tin bts rigid body TOMER» Friis 
Consider a symmetrical rigid body rotating about a fixed axis through center of mas« as sh w of Conservation oF Angular Momeritim 
particle of the rigid body rotates about the same axis in a circle with same angular velocity In eu, ine external torque si on a system then the total angillar momentum of the 
momentum of a particle of mass m, particle, | atte They sysrern remains ia . 
eves -— aa: L total = Li+ Lot... = CONSTAM 
For second mass explanation 


the effect of law of conservationy of angular fhomentum is apparent if a single 
isolated spinning body changes its moment of inertia, For example, a diver 
yshes off the board withea small angular velocity, Upon lifting off from the 
board, the diver's legS and arms are fully extended. So the diver has a large 


a L; = Mors 
For nth mass 
La = Thee OD 


The total angular momentum can be expressed as moment of inertia ‘| about this axis. But when the diver's legs and arms are in Fig. 5.13 
ear ae wis dosed tuck position, the moment of inertia reduces to |). | Aman diving from a diving board 
L-=L,+bl,+L,+ +b ose A YS 
1 2% Leg F ssenssssanes ot ka 
Le myry @ + Mgry7@ ..,..ccee Mola , 
K i oa ee According to law of Conservation of angular momentum. 


ss 2 ; 3 
L = (Mmyry @ + Mgrg* occ Maly IO 


| = mer Jo ER =m) 


So, L=|q@ 


Why dows the coasiny aie L.= 

SSE lew chown as wear op | 

inte the benaler? | i Or ys. = 122 eer . + 
= So diver must spin faster for small value of moment of inertia to conserve 


angular momentum. | dnd 
This enables the diver to take extra somersaults. The direction ot | angular 
momieritum is along the axis of rotation which remains fixed. The axis of apa 
of an object will not change its orientation unless an external forque causes e 
do so. Earth rotates about the sun experiences no sizeable external torque ac 

__ it,so Earth’s axis of rotation remains fixed. 


Q% Define rotational Kinetic Energy and sh 
_write down its practical use. 


Where | is moment of inertia of the rigid body about axis of rotation. 
There are two types of angular momentum 


Spin angular momentum 


Angular momentum of a spinning body (i.e., rotating about its own axis) is called 
spin angular momentum (L,} N 


| jomentum. 
Orbital angular momentum — 


Angular momentum of a body orbiting in a circular path is called orbital angular momentum (Lo) 


So the total angular momentum of a body is equal to the sum of itsspin and orbital angular momentum — 


» * 4 


— 


point object: ——-. 
When the orbital radius is larger a% © 


object. 
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(KEL. =—my, @ 
2 
=% my,'o" 


: i equation . | —_ - 
4eNce, rotational KE of the whole bodly is : RE= Amv + 4 Mv <a Meta 


= 7 a a 7 , 24 = ™ hy - Ms + mv 
EL.= (K Tf, e ¥ 4 Mis «* Fe ee AM.£ a) me oy 


— a | a * 

a w lm. + mf; —— Tif) oe" 
a = 

=% > mer i * 


(KE )nce = 4 ben® 

ch is the rotational KE. of the body. 
Use of rotational 

PT. fImCany, rotath 


Hotatonal collision - the clutch 


na! KE. ts used by fly wheels, which are essential parts of man 
engmes. A fly wheel stores emergy between the power strokes of the pistons ; 
mat emergy is uniformly distributed over the full revolution Of the crank shafi tt [aaa 
rac , the rotation remains smooth ites | For Your informatie: & 

| —— | Pisting eo. (1) 


Speed of a Hoop: 
) as rotational #£ for disc is 
(KE) ce = AMV 


EXPLANATION: 
| The two discs with moment 
of imertia are spring with 
mitial angular velocriies as 
| shown in (Fig a). Rotational 
collision lakes piace | 
between the discs and both 
of them combine as shown | 


PE = %6 ve 
=(%+%) mv 


Rotational K.E. of a 


aS we © cw 


a » (2) and (3) as ae elocity of 
a B he inclined 5 plane is is greater than hoo. 


— TT 5 
€ 3™ =Aly 


AS moment of inertia of a disc is | = % mr’ 
So is Chee = 6 (4 mmr’) oo 


(KF he. = ¥ mr os 


As we know v = re 


Rotational K.E. of a Hoop: 
(K Ecce = Hleo* 


hath the rotational and trarsiationalin mpaee olarsy then 


z 
V 


Thus Bp Sa RG 
Where vy is the orbital velocity and R is the radius of earth 
Thus from equation (2) 

v* = gR 


grent weight 
oa ght of an object is measured by a Spring balance 


wy nerally wel 
ys reading oft he spring balance when the object is UCceleratingup or down is 
\| ‘oiled apparent e's!" 

_ calle 


As ont weight |s equal and opposite to the forte required to stop it from 


| | | appat of reference. 
9 = 9.8m/sec’, R= 6.4x10° m | galing in the frame of reference mee ° 
Putting values, we get 27.1000 tenn aarent weight of an objectin a lift 


rates Orta — 


| ur the apparent weight of atobject of mass.m suspended by a string a 
Benet a. consider the apP y a String and 


alance in a lift, as shown in Tigure. The tension 'T' in the string can be 


19.8 6.4x10° 


Vv ) 7900 m/sec LA satellite hae eacaye r Fed with the help of spring balance. 


ie | Saris, nec a: When the lift is af rest on moving with uniform 
ey ee ‘ie to move the satellite into orbit. This is \. A satelite with ang aie CASE 1: WRERIES 
~ ) 


a eh Le | of about 8 kms w Te Be uslocity —— 
called critical velocity. ,) aowl cru tan the lift Is at fest, Newton's sécond law tells us that the acceleration of ey 
| = | i. | ae LL J cole shia — Hii ! ; | : | 1 = 

Calculation of time period velocity mei ‘ abject Is 2€°O, So the met force becomes zero. |f 'W' is the gravitational force ae 
The time period can be calculated as, in an elliptical orb xting on the object and 1 vis the tension in the string. Fig: 5.17 (a) 

T= Stcumierence of the circle te rab ahead men, Uy agi 

velocity of satellite ser | TW =0 As a=0 
v. 24 Choe orbeoe oe oa. 
_ xR S form the Globel Patel Aad 
i (As t=") Sywem or 20 CsT=mg 
= =— 


| Result: 
‘a, the apparent weight of an object is equal to the real weight for observer 
| inside the lift. 
_ CASE ll: When the lift is moving upward with acceleration ‘a’. 
? When the lift is moving upwards with an acceleration a. So the upward force of 
tension T is greater than downward force of weight W then 
then the net firce acting on the body is 

4 T -Wema 
Result p OR T=W+ma 
if the satellite moves at height ‘h' from the surface of earth. Then the gravitational acceleration — T=mg+ma 
inversely as the square of distance from center of earth. Thus, higher ihe satellite, (héslower will the . a T= migta) 
speed and longer it will take to complete one revolution around thé @arth. — : ee | g ici.) a , 
Note — $ that the app: rent weigh 
Closest orbiting satellites orbit the Earth at a height of about 400 km, Hislualeht : | 


As m= 3.14, R=6.410" m, v= 7900 m/sec 
Putting values, we get 


2(3.14)(6.4«10°) 


T = 5060 sec 


$060 84 min 
= = 64 min (approx ) 
64) “Sai 


1 


: ~ 
oo 


a What are real and apparent weight ht? Find appa e t weig 
suspended by a and balance in an elevate 


166 
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Now we consider that the lift is falling freely under gravity. Then xpress! 
i gatellite of rriass fn, Moving with aus 
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CASE IV: When a lift is falling lroely under gravity: flor Orbital Vel 
. n for Urdital Velocity 


a" & nde Olonny yw | 
- | ‘ia rei; fai Bilt ‘a Ti he eaervi ryt 
Avs r . VW We ast rl Wwe is ya 1 [ ritpert ial | el fan DO Gntereec cd a. 
lenge ima | | | 
T= rig 
: J ip ls provided f FP ovilal | jie-nt in 
| a i ‘his iwee » | | er hie fy} Pliarri gd | fart) ar 
Result) gene and bye 
a. ' 
0, Ihe apparent welt of! Cope t shown by (hve ipving balance i re 5. The a! F 
Sewers tt be weiphtleus hus it (6 state ot weightlessness | an [i 7 | 
rr | se Aus id Nerang qualifil Sauer it) er Ley, wee 
Oo. ist thre <a | = reer — {que 
. Sapam the phenomenon of welgitioss in satellites and gravity tree : 
- system, : | | i 
a7 : | 2 , fal 
Ls 
Weightlessness In Satellite and Gravity Free System " 
When a sateliite le falling lraa(: | GM 
a # Satellite is falling freely in space under the action of force of attrac ) y— (4) 
earth: the sun ar anma dleennan cee a wee Of attract ( (A) 
arth, the sun or some distance star then the every thing within the cor. . 
, nie 1atelite w where re Ae fh ry 18 


be in state of weightlessness 
f= Kadius of the orbit 
BR = Radius of the earth 
H = Height of the orbit above from the equator 
} Thus the mags of satellite is not important in describing the satellite orbit: So if 
| 8 speed of satellite is less than the orbital speed then it will not be able to 


te show that the earth's satellite is ® Treely falling object. we consider | 

: — | im ie | ij j | | : Se a . 
enavior of projectile thrown parallel to horizontal surface of the earth in the 
absence of alr friction. : 


if the projectile is thrown successively at larger speeds, then during its free fall tc 
the earth, the curvature of the path decreases with increasing horizontal speeds. a al 
If the projectile is thrown fast enough parallel to the earth. The curvature of the , 7 
path will match the curvature of the earth as shown in figure ()) 
in this case projectile will start orbiting around the earth The spaceship fs 
accelerating towards the center of the earth at all times because it orbits around 
the earth, its radial acceleration |s simply ‘g' the free fall acceleration. infact the 
aniielbilag ls falling “eal the center of earth at all times, but the curvélline of = 
ine earth prevents the spaceship from hitting the surface of ea s spaceship | | J There is no | | 

is like a free fall object so all the objects aia It spears to be wena aa : wi Bethe Lon the space craft In @ gre ees 
No force is required to hold an object falling in the frame of reference of the etek andi lace dere 
space satellites, Such a system ts called gravity free system _ den 
Q.16 What Is orbital velocity and derive an expression for orbital velod 


Orbital Velocity 
Orbital velocity is the tangential velocity io put satellite in orbit around th 
earth, 


OR 


velocity, 
The earth and some other planets reve 
This type of motion Is called orbital me 
around the sun, 


»ive round (he sun in nearly circular 


igo 


a. = Ro 


where ‘T’ is the period of revolution of spaceship. 


= | 
i 
| 


‘= 


EXPLANATION. 


lo Create artificial The \ 


Wh f .” : , aa r me F 
Or ¢ i : . a aS Ship. ® | | 
| i Pace SHIM & rotated a | | 
4 r } RS ie 
sx'R Hock, Ses GHRTE 
— OUT TS OWN murs: Toes | 
7 , 
l a. 


COoMUTipetal TOPSe ts ates 
wn tie astronaut. He a a 


of 


dl 
~ | i i | = i F : 
a y ee ual ‘Lita aa] “+ 1 


rCactes 


= I i 
Be er, es ne ee ee eo 
mi ais A, las |f Lib) Lt Li Te it 
i - 


and presses its floor mie} 9 


ame manner zg we we | | 


Earth |] 
When the spaceship rotates with this frequency, then artificial gravity helps the astro nauts perform them 
— SB 


Whet are geo-stationary orbits and geo-stationary satellites? Find the 
stationary satellites? 


Ans 

Geostationary Orbit | 
The orbit in which the period of rotation of satellite is exactly equal to the period of rotation 
its axis, is called geo-stationary orbit. 

Geostationary Satellites A ee 
The satellite which completes its one revolution around earth in 24 hours is called geo-stationary age 
A cee whose orbital motion is synchronized with the rotation of the earth about 1% OW. age 
geo-stationary satellite. , i ie 
This type of satellite is the one whose orbital! motion becomes equal to the per oc OT 
satellite remains always over the same point on the equator as the earth spins OF 
Applications i 
Such Sen sre used in communication system, weather observation ange t 


of earth ales 
} 


aA speed necessary for circular orbit is even by 
'GM 


As tne 


& 


FF, 


ror Your Information 

| A geostationary satellite orbits | 
the Earih once per day over 
ine equator so it aopears to be 
Stationary. It is used now for 
niemalonal Communications 


(2) 
or 


where 'T' is period of revolution of satellite that is equal to Onelday 
rellite also complete one rotation in exactly one day. 
ine ce equations (1) and (2), we fet 
ay Tr GM 
Py 
aring, both sides, we get 
Aner _ GM 


$qu 


Do You know? 


AF 
a ty Fiz 


Or 


This equation gives the orbital radius of the geostationary satellite. 
Substituting the.values, 

G 26.67 m0” Nm’/kg’, M=6x10 Kg 

T=iday = 24 hours = 24x 60x 60s = 864005 

» 275 
co =| 8:97 x10! x 6x10" “a 
ioe 4x (3.14) 
= 0.423 x 10°m 

_= 4.23% 10’ m 
= 4.23% 10° km fe a oe Picnaceaetalten: 
Which isthe orbital radius measured from center ofthe earth for geostationary satSNNS. is, 
A satellite at this height will always stay directly above a particular point ¢ pest alia Pc 


| Sr ae 
above the equator comes out tobe 36000km. 
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— i ~ ' 4 P ct 
: ] 
* = { . bs ‘ | 
— - . *\ | 
= 
1 
i ' : * a # - - a | 
’ ls ~ , & “_k . a ie " a 7 i . i é FI t | ! and a | Ta ii | 
| ; | Tati 
, i finstein views sdDout gravitation’? “Slito. OcITy 
G ri “ hat ary the Newt ont anc EF anal & | yore) £2, & , ae? oe >=, 
—— - , : | - ’ fas . . = 5 / 7 ti — 
"< ae «ee | 
= . 
1 = - 7 ll - “7 i 
) 
_ 2 oe . ao ‘ea ts 


: = 5 F mm, if 

¢ ih = ee. | PF igiats ] 
= = - = 

— ei —, ; —_ ' 

—— rH 

“a inn | 
=r EE es = | 
= os, ea — 7 

H_4 __ ie .. q 


instantaneout eige'.! 


Einstein 's theory about Grawitation scceleration 


| — . ae _ Ll i ie a “. a % 
’ 7 = i = ih, 6 “in & hs ‘ i - = i = 
Zz h . a a aT . i ss 
¥ 7 i = ym > = *e ie : = = o - vt 
= ee ee v ¢ i i a) a | © i a “I cr fies 4 = i 
ee — = a = = = = F 1 . a a the 
= 4 ™ o. ‘i. 2 f i é } . a i 7" od 
=~ = 7 =— & = - a © ——_— > «= it - -* -_ = » 
i. 2 2 4 , is sd ee ? * . ) 4 . ims. i e ™ 1 J ¥ i # 7 & - i 


we Say tat Soci anc e™ Tayi Move a ecooes 

strag™ Snes in plare geometry) it curved toace time 
DMFerenc #1 >etweer v ews 

cogon yy ieporty g vel @ Pepsece Peeters of fow grows work: ‘Newton 
SSSve'es “Were SLO Ow Of preety Out ve %O exparation of amy 
4 wows be 0. “Owever Orsters teor ‘ 
eaceot © sHromg Geviatore ems), bt § Soy expe s the treason for 
sSew"g ("@ owe 45 0° fe 
SS Este Tec’, wen et Oe * UF ev ty 2s Ke ers oO" 8°@ C2OGRY 
ecu ween, @rOwty Must bend got Ov a certs amount that could 
cgicy/eted. Newtor 1 teory Dated Of ices cf ght af 8 Stream of ty 
sertc4t 840 jggettes (oat ght beet woud O« sefectec By gravity 
But i Esters “e@cry “ee ce ecto of gt 4 twice os great eit @ 
ecro’t *4 *< Seto 1 o*€O*y 
sending of start gm By the Sur 
wher te Decarg Of Sregy starigm caused or he Ge 
wat ~ent.*e¢ Curing 8 borer Coopse 7 1979 Ths measurement f 


INTERESTING INFORMA THO: 
| Sending of scarignt by the Sun Lignt fom the star As bok 
e coke 29 the Sse na wey ts Barth. We sue the tar in 
re ee tee Stee meaenton 2 


sa | Velocity of hoop falling from 
_| 2n inclined plane of height h 


| Velocity of disc falling from an 
inclined plane of height h 


| Velocity of sphere falling from 
an inclined plane of height h 
7 | Critical orbital velocity 


Time period of close orbiting 
Satellite 


at rest or moving up with 
| uniform velocity 
| Apparent weight of an object 
/ moving up with uniform 
| acceleration a 
Apparent weight of an object 
moving down with uniform 
| accelerationa — | 
Apparent weight of an object | 
| falling freely 


Orbital velocity of a satellite 


| Spinning frequency of a 
satellite about Its own axis 


Orbital radius of a geo- 
stationary satellite 


polar 


Four possible answers fo each Stat 


—_ ne 
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Multiple Choice = 


ement are given below. Tic hy) the correct answer: 


Right hand rule for rotating bodies|s Used to find direction of 
(a) Angular velocity 
(c) Angular acceleration 


(6b) Torque 
(d) All 

The mud files off the tyre ofa fast moving car in the direction of: 
(a) Parallel to moving tyre 

(c) Tangent to moving, tyre 

The correct.S! unit of angulanymomentum Is: 


(D) Antiparall to tyre 
(id) None of these 


(a) kgsm (b) kgms-" 

(c) kgm*s”' (d) kem@s~? 

fegokg fly wheel ls moving with uniform angular acceleration, If radius of flywheel Is 2m, then its 
moment of Inertia Is: 

(a) 120Kgm? (b) 30kgm? 

(c) 2kgm? (d) GOkgm? 

Moment of inertia of TOOK sphere and having radius scm is: 

(a) O.1kgm? du) 

(c) 500kgm? 

The hoop and disc have same mass and 
(8) K-Enoop = K-Esise 


radius their rotational K.E. are related by equation: 


(Cc) K.Enoop = s K.E vice (d) None 
Critical velocity of an artificial satellite is: rae 
b) 7.9%ms 
(a eyes DL eater 
-gkimby (d) 790ms" 


kr i J We a a 


(c) 7 3 


] t 
. 2 ee 
; = 


12 


13. 


15. 


16. 


1). 


18. 


19. 


The moment of linear momentum |s called 


if external torque is zero, then which of these quantity '5 Constant 
(a) Angular rhomentum fh) Force 


(c) Linear momentum 1 
{ explain the difference between tangential yalp ‘ity and the angular ve locity, if one of these Is given 
The acceleration due to gravity on moon is | th of that on earth, what will be the mass « a5 tar a wheel of kno. dius, how will you find the apne 
on moon, if its mass on earth is mi x | LAr 2010-2011) 
m pifferente’ between (tangential ang angular velaeities 
4) 7 "5 - >» An if 7 CV Ss GAs Of FOlotion while ta ntial velocity v is directed along 
| (gngent 
ic) m GC | ? — 
Fr 
The value of angular momentum of a body ils maximum jf 0 is equal to nqtermination 
(a) 0” Ps ,< | ‘yy #" a rif i i " Mm CUPL 
a Fy . « 7 1 - I 
ic) 90 a) VOR bai hat fy meant Dy Centripetal force and why It must be furnished to an object if the object Is 
| wer % | | | es Explain what ii ary A 

The diver spins faster when moment of inertia becomes ag. tape i 

| {0 'olliorw BS» Circ wis? Gat | A'S arial anal 
(a) Smaller b) ereates (Rw 2006, Grw 2006, | 
( | —— oe a vis ed centripetal force 
ic) Remains the same 4) None of rh. ——_  —_ A normally straight path into circular path is ¢ allied centripeta 

= = : iL Ang. del nit cc Ww a 

When a body moves in a circle, then its linear and angular velocity are Or i tiseey 
) — 7 «mum slang a circular path is called centripetal force. 
(a) Parallel ib) Peroe - The fone Which compels a body to move ziong a circular p 
(c) Antiparallel 4) Mecene ' 


Torque per unit moment of Inertia Is equivalent to 
(a) Angular velocity (>) Angular acceleration 
(c) inertia \G) Radius of gyralion 


(a) Torque 
(c) Impulse d) Angular monvwnturtl 

The ratio of angular velocities of the hour hand and minute hand Of a watch fs 
(a) 1:7 io) 720 
(c) 43200: 1 id) 1: ¥8 


if the earth shrinks to half of its radius without change in mass, the duratio 


] 


(a) 6hrs (0) 12AFs 
lc) 2ahrs 


The ratio of angular frequency and linear f 


Q.5.5 


Q.5.6 


Ans. 


Chapter § 1. - 
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4 =  gchol 197 
ne AED 3 he direction of the follow’ 

L=rpsin@ ; 0.57 al ae = | NG Vectors in simple situations; angular momentum and angular 
| by: } yelocity- 

L=mvr sin @ - | (Grw 2009,Grw 2010) 

Law of conservation of angular momentum ag, Direction of angular momentum and angular velocity 

The tntal anmilar mama Pre, a). gown .. : | = direction of angular velocity and angular.momentum leBlone the oxi: Ae et EA 

he total angular momentum of the system remains constant, when no externa! torque act. | The ¢! Why Hehe hand rule Uris gong the axis of rotation, which can be 

Mathematically, nh FT determined DY 5 

wat 2 Ly + La + Ly + ene BIW = CONSE Right hand rule 
Lota PT SS nore Bh, S CORRENTE I Grasp the axis of rotation In your right Nandpcurl the fingers along the direction of rotation then the 
. erect thumb will represent the direction of angular quantity. 
show that orbital angular momentum L, = mvr 
(Federal 2005, Mtn 2006, Fsd 2008, Grw 2008, Mir Pur 2009,Grw 2010) : 05.8 Explain why an object, orbiting the earth, Is sald to be freely falling. Use your explanation to point 

Proof; » | put why obj@cts appear weightless under certain circumstances. 

“nae | (Fed 2005) 

Let us consider particle of mass m moving in a circle of radius r as show in 

figure | ANS. Explanation: | 

ceded | When the object is thrown horizontally fast enough from a certain height, sO that the curvature of its 
ns L,=rxp path will match with the eurvature of the Earth then the object simply revolve round the Earth. Now, 
=F ) 2 the motion of the object is under the constant acceleration due to gravity (equal to centripeta: 

- : 7th ae le - acceleration). Hence we can say the orbiting body is freely falling boy. 

(where 6 is the angle between r and p) : Weightlessness of the body: ) eee 
SO L, = r(mv)sin@ A freely falling@ibody moves only under the action of gravitational! force so that the object is said to be 
since p = mv in state of weightlessness. 

L, = myvrsin@ an | Mee 

: © O59 When mud files off the: £ + movine bicycle, in what direction does It fly? Explain it. 

As the angle between r and vis 90° 1 Q59 When mud files off the tyre of a moving bicycle, in what direction does’ 2 P oo 

Henc i ara t tT (Uhr 2005, Rwp 2005, Mitn 2005, Mir Pur 2006-2003, Bwp 2008, F 

lence L, = myr singo | : WA Ro, 
| The mud flies off along the tangent to the tyre. 
= mr (1) : . 
bo pee (hence proved) When speed of bicycle increases then adhesive force (sticking force, eer mn e and moves ace 
ca OL eG WE Se pen ee ntripetal force so the mud leaves the tyre = bei 
not sufficient to provide the necessary cer 
Describe what should be the minimum velocity, for a satellite, to orbit close to the earth around a4 . _ sahigent to tyre. 
(D.G.Khan 2005, Mtn 2009, Lhr 2010-201) 0 A disc and a hoop sta ngd 

Critical velocity: | Willbe moving faster on reachin 

The minimum velocity needed to orbit a satellite close to the earth is.called critical velocityanns 

Calculation: | s 

Consider a satellite of mass m is moving with velocity v in a circleiof radius R (Ler 

Since gravitational force provides the necessary centripetal force . 

F= R (radius of the Earth) 


O.5.1 


ANS. 


Q.5.12 


Ans. 


Q.5.13 Explain how many minimum number of geo-stationary satellites a 


4 - 
; < &. 


Napa, ‘) [¢ 
ae 


Nay . A) (Subhijeetive) ie 
“ 4 ‘ i pnysic® | i 4 


Physical reason ghia 
—_—_ 


’ | » 5 7 oar rvichevieerit ry 7 
SITVK i" the monet ‘al | mera ral (isi is atlas ria tis TUL r | | ii | ist the 1 
, OD i 


velocity of disc is greater than hoop Solv ae LA 
Why does a diver change his body positions before and after diving in the paoi? 


(Pederal 200 


Fr umple ‘1 


mews, BGS noon, Bop #00), Gry | j electri fan rotating at 7 rev « ae) Ye, eee eee s i34 «. Anand 
by an gt i vias. ee - Si a — mane _ Pn \ ration af bi TTL a fick) ie Wahewe bit wh Cay fe Vk! ot ret 4 ‘yore beater’ Ae may A rani 
Explanation wen Data 
When a diver lifts off from the diving board, his legs and arms are ful extended, |p th } (pital angular Velocity ™ ' vi 
moment of inertia is large (1,) but angular velocity (wW,) Is small, —_ | tar velocity = 0, 0 
| he | he dive | | inal angular Velocny 
When the legs and arms of the diver are drawn into the closed tuck position, it. moment of in YY 
; . . ; : ) Taam a i Ay oo 
reduced considerably $0 that its angular velocity will increase to conserve the angular momma : eal | 
un ea p 
|W = by, To Find: ‘ 


(i) Angular acccicm@von -G Me ee 
A student holds two dumb bc aA ap ae oa? a . (ii) Numbeno! revelulion * Angular cisplacemen © © 
student holds two dumb-bells with stretched arms while sitting on a turn table, He {s given apy lation: 
until he ts rotating at certain angular velocity. The student then pulls the dumb-bells towaris! Calcul citar aéceleration is 
chest. what will be the effect on rate of rotation? | o) Ms 4 | 
JP “t}, 
o a 


ie wy 


Putting values, we get 


hy : = 
i a= 0.167 rev s | 
Fig. 5.25 | , (11) AS angular displacement 1S 
Rate of rotation when student pulls the dumb-bells towards his chest | P= att al 
Reason: | My i 
| Putting values, we = 


According to law of conservation of angular momentum. 


lw = constant §=3~x IS+- = oe 167) x x (18) 


When student holds two dumb-bells by stretching his arms, then value of angular inertia Is jail | 8 =54 +(-0 a (324) 
So the angular velocity is decreased. When the student pulls the dumb-bells pane? Lov id .4 


angular inertia decreases. So the angular velocity is increased. But during this ' Ya € ey 
angular momentum remains constant. 


= 


AP PTUA) ' 


T.V transmission. 

(Fsd 2005, D.G.Khan 2005-2006, Mir Pur 2009, Mtn 20% 
Minimum three correctly positioned geo-stationary satellites are equine 
for the global coverage of T.V transmission, 


Explanation: 
As each satellite In geo-stationary orbit covers 120° 9 le $0 che! 


whole populated Eerth’s surface can be covered by three | rectly 
positioned geo-stationary satellites F } 


HYSICS ~ Al (Subjective) 


i 201 


ect | 
ALY | 7 
, ee where * ortilal speed And \ (as S @ Jay) 
Ll’ r 
" - 100M) ‘ “) | T" hen \, fu 4 wsiwance (rave ie | ioe % Ca! (hie ninerr (Tis ih : lime pect od : 
| Tus ’ | 
Or agent Putting Valucs, “ | 
ix] i 
ib= fh 
“Atal tied — re of a string, is swung in a vertical circle of radius r under the actig 9 4 eames 
own im Fig. 5.7. What will be the tension in the string When the ball ie a: th a) ; V6 
path and its speed is v at this point? © point 4 teh Sie 


Given Data: vy i rs l 04} 
—_—— = 4 ; | Thahtael la | e | a «6h Ww. | | } me ci 
As the ball is moving in a circle Putting tha | | 


* thus the force actin On th . hy 1 Pil Talk | . i id xi & 5S & 
the requiced centripetal force. . © Dall must provide } : < ee LO 
At point A two forces are acting on the ball. - 
(1) Tension in the string T = ey 10 See 
| (i) Weight of the ball W L. = 267 = 10°" kgm’s | 
To Find: > —_ 
Cal a in the string = T =? A dise without slipping rolls down a hill of height 10.0 m. If the dise starts from rest at the top of the 
culation: hill, what is its speed at the bottom? 
These forces (ic. T and W) act along the radius at Point A, so their vector p Given Data: 
Sum must fwmuish the —— centripetal force. fig 4? Height ofhill=h=10m 
aly Speed of disc at bottom = v =? 
5 mv" ca | ta “ 
: sing formul. | 
mv * | av = 
[= —— —~mg | 
| ) 
ad 


if ——£§ then tension T will be zero and the centripetal force is just equal to the weight. 


"The mass of Earth is 6.00 x 10” kg. The distance rfrom Earth to the Sun is 1.50% wine 
from the direction of the North Star, the Earth revobes counter-clockwise around @ 
Determine the orbital angular momentum of the Earth about the Sun, assuming that itt 
circular orbit about the Sun once 9 year (3.16 » 10's) 

Given Data: 

Massofearh = m = 6.00x10"Ky 


Distance = r * 1,50 10''m 
Time = T = | year=3.16x 10's 

To Find: > = ‘ 
Orbital angular momentum of earth = L, = 7 | . ’ 


« & on 9? 
a a ae 
: : ; “ Pitas 4 £ je 
™ : a ea 4 oe $3 


= 


To Find: 


Period of one revolution in days = T = ? 
Calculation: 
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VF PHYSICS — 
gcholat a 


— ~ 


203 


r= 6.67 x10") x6x10™ < (60 x 60) x 2} \ vs 


Total distance of satellite from earth center =r =R+h ; | 4x (3.14) 
r= 6400 + 384000 = 390400 km on simp 
r= 3.904 x 10°m = 4.23 


As oa GM | 6) For orbital speed we know that 
, | 2aT 


Vo 


Tr 


lification, we get 


x 10 m 


we pel 
2%3.14« 4.23 x10? 
a” 24. x 60 » 60 
26.56 x 10’ 
Bos ¥ 10 ! 
y= 0.00094 « 10° 
oie " =a ; Or v=3.074 10. ms 
: | Or v= 20/4 k ra 
Putting value, we get ee a 
p= 2%3.14 x3.904 x105 
10.1«10? 
5] 


re 24, 
T= Tol x 10° = 2.427 x 10° seconds 


putting values, 


F a= 
1 = 


Or 


Exercise Problems 


2427x108 | SI A tiny laser beam Is directed from the Earth to the Moon. If the beam Is to have a diameter of 2.50 m 
T= ns : ——s— days {| atthe Moon, how small must divergence angle be for the beam ? The distance of Moon from the Earth 


Diameter of beam = length of are = S$ =2.50m_ 
Distance of moon from the earth = r= 3,8 10"m 


set neg Mba 7 from a synchronous satellite. This satellite elreles the Earth oneeltty To find: : 

because the Earth Is eg at Ash ce een equator, It stays over uA aaa on Chleulne pivergence sige “a 
satellite? (b) What Is ite 5 need? | the same rate. (a) What ts the Orbital radius for a synchro) ™ ulations; sential 7 
Given Data: As = S#r0 

Mass of carth = M=6 x 10™kg 

Time period = T = 24 hours = 24 x 60 x 60 5 

Gravitational constant * G = 6.67 x 10°''Nm? k 3 
To Find: | | 


1 | 
«a “= 
~~. ‘ el * 
th T F gt ‘ —- a e La ry 
» ‘ a ay re - we 


(a) Orbital radius of satellite =, = 7 . 7 : 
(b) Speed of satellite = v = 2 | 
Calculation: 
(a) As 1 ose 


Putting values, wet get 


Final angular velocity = ow, =45.0 rev/ min 


Time = t = 1.60sec 
To find: 


Average angular acceleration = @ =? 
Calculations: 


AS 


putting values, we get 


5.3 


Given Data: 


Moment of inertia= / = 0.80kgm’ 


Angular velocity = m=100 rad/ sec 


Angular momentum = L =? 
Torque= t=? 
Calculations: 
AS L=lo 
putting values, we get 
L =0.80x100 
L = 80kgm’/sec 
IL = 80 Js 
Now torq 


ue= T=laQ 


As angular velocity is constant, So a = 0 
r =(0.80)(0) 
=o 


5.4: 


f 
Given Data: .” " i 
Pape at oe ap ~~ 
J] 


‘ ad ns 
. “4 ’ 
a & 
Pe -) 
5 


) 

' 4 

a ah 

> * 
~ 
, 


LS Mg RS 


A body of moment of inertia / = 0.80 kg my about a fixed axis, rotates with a constant 
velocity of 100 rad/sec. Calculate its angular momentum L and the tor 


= 4.7 lrad/sec 


que to sustain this motigg 


a? 


| Calculations: , : 


aol 
| aj — 
= , 


- a — : “aM L The ¥ | | “ay id 
inno ite =e 
= Pr. _ — a 
oe crt les sli = - 
a > 7 he a ~ 
\ ~« 
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— Given Data: 


‘To find: 


¢ 
+ 
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qn: r 
[0 f (ua) Torque acting on evlinder = a 


ih) Anguliu weceleraulion a) eViinde =sy —') 


vs rand F are perpendicular to cach other SoO= 00 
r=(0.20(0.00)sin90° 


—— 
= 


[r=0.12Nm 


Now lor (4. 


As = li 
t= mrt ‘1G Ovlinder. moment of inertia = |=—mr 
. 7 
‘er - 
i G 


Oy ie. 
ii 


Putting sHtics We el 
F(} 1? 


Sx). 030) 20 


—e a 


kK | ~ 
Ct 0 Sad sec) 


ee 


$5 0 Calculate the angular momentum of a star of mass 20x 1 Oke and radius 7.010 Am. Ui 


oiakes one complete rotation about its axis once in 20 days, what is its kinetic energy? 


Muss of sua = m= 2x10" ke 


al Radius of star = r= 7.0x LO knr= 7.0x 1o nt 


Time for one rotation = T=20 days = 20x 24 x 60*60 = 1728 10° see 


Angulir momentum =L= ’ . 
Kinctic energy = KE =? Ma’ 3 


As L=lw | ‘ 


4 
? o- . é 6 i is - aa 
las Pita ba «i = Hh Tar » & * , iy a Lb, 


a es x ; a * | 
Soasphere tsiyr) = b= or und, WET eh uae bs Moke Wee ie USE 
‘ #4 b a e 

f j -, Se ’ 

7 f ‘ } MY a od 


j 
ee. 
| 


wil 


| 


Tae, 


‘ ’ 
| | 
KI 
) , — 
a Ja hk. | —m “ 7 - vil 
Ee * 


Pee Ves, We et] 


rw . 
WES oO po eowlh ~tPaiN) 
+ ." 


KE = o5.48x1/00 J 


IKE =. Sx hay 
sy 


necessary centripetal force. 
Given Data: 


Viass oh car = m= 1000 ke 


Speed of car=s = 144 kinh! 144x 1000 


Rawls of) curved path= r= 100m 


lar Uaaucl: 
SCH peal larce = [° aA} 
Culcuhitions: 
The 
\s SESS 
. 
Puttine wailites. Wi acl 
' Lice dy 
100) 
1 =) O000N 


b= Ge (Nn 
Or f= lax en 


| 


(sisven Dati: 


fs aclitis | laneyyy = 1 | () ht) = Ltn Mi m 
\eeleration ue bo Shvulsy =e = 4S m/sec” 


Lav daniel: 


Specd iil aeroplar Nee 
C uleculations: | 


\ 
\ * al = 


= 
_ — 


\ 1000 ky car travelling with a speed of 144 kn hh! rounds a curve of radius 100 on. Find th 
Pind the 


ai a 4 } ve - = | . | i a ‘a nih 
Wout is the least speed at which an aero plane, cun execute a vertical loop of i.) km Seg 
there will he no tendeney for the pilot to fall down at the highest point? . 


—={iiwsee 


7 = 
yaa Al bane 7 44 = a = rie =I 4 1 é 
ae I ie & tT. on 2 
| . ed b F Lal : 4 rm = ; of 
® “ Uy al 
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QT <c Jee 


putting valucs. we get 


v= V1000«9.8 
y= 99ms’ 


: The Moon orbits the Earth 50 that the Same side always faces the Earth. Determine the ratio of its 
: spin angular momentum (abéutits own axis) and its orbital angular momentum.(In this case, treat 
the Moon as a particle orbiting, the Earth), Distance between the Earth and the Moon 
13.85 x LO" 1.Radiss of the Moon is t.74x10° m 
| Given Data; 
} istaneesbetweemEarth.and Moon =r, = 3.85x10°m 
Radius of moon = £=1.74*10"m 
To find: 
f 


Ratio Ofspil and orbital angular momentum =— =? 


: i 
a 


Calculation: va 
The spin angular momentum of the Moon about tts own axis 1s 
L=l,@ | 


i 


a 


7 b= SI nl 1) As for Moon (sphere) I, = —mr* 
; 


~The orbital angular momentum is given by : 
L=! a | ; 
Lj=mr,*w.......(2) As for Moon (point mass) 1, = mr 

Diving equation (1) by equation (2). we get : 


a 2 } ' 4 
aba! iw | =k . 


Angular speed. is same for both 


u (nt | 
\ 


i 


T i 


*9 fhe barth rotates on is ayis once i il 
ridios isonty hallas large as 
lor sphere |= MSMK } 
(,ivcen Osetia: 
lime perma = 1) = 4 hours 


1 } 
Moment of wertueol sphere el =~ MR IK 
5 “ 
Orivnal radius = Ry ek 
| 
Radiis after contrition = KS — k 


Mloment of inertia alter contraction = f. = — MR- 


To fined: 
pehnend iM ebony ater COERCION = tial 


( aleulations: 


Vecording to law of conservation of aneuher momentum 


Lon SL te, 


my | 
ity a = { | } 
, +I, 
oo : 
ax “it 
‘s 12 =— whd O.=— 


Milling Aalues. in cqUu.d) wwe wel 


a ER 


Lo =O hours 


Hence cath would complete is one ronaton im 6 hom 


wee 4 i Earth? ‘Take Nass a the Barth as ae x lke 


ee hate rt nae SU +f, 
and its radius is 6400 km). 
(civen Data: 


Mass of euith = M= 6.010" ke. 


ay. Suppose. Dy seme process the pap 
at present. How fast will tt be rotating then” 


Radius of carth = t= 6400 km 
Hleiht of circular orbil “h = 900 km 


. 
a # | 7 og 
fon Orbital speed = v =! 
» culall -—— 
| (al GM 
| NAS V —= 

i | 
AY) 


Where r is the distance fromthe centre of Garth. 


r=K+h 

64 00G900 

} r= /400Km 

y= 7300810 wn 

: Ping values in,wqu. (1), we get 
| (Gi? «10°66 107" 

ys) “00%10° 


jlenee 


{| 


v= 4=«]0° m/sec 
¥—7.4km/sec 


Or 
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Chapter 6 


~y FLUID DYNAMICS 


ee et 


‘Le ear rning 1B Objectives 


| Understand that viscous (omces ina fluld cause @ retarding force on an object moving through it. 


{se Stoke’s law to derive ah expression for terminal velocity of a spherical body falling through a 
; viscous fluid under laminar conditions. 


| : Understand the terms steady flow, incompressible flow, non viscous flow as applied to the motion of 
an ideal fluid. | 
Appreciate that_.at a sufficiently high velocity, the flow of viscous fluid undergoes a transition from 
_ laminar to turbulence conditions. 
_Pooreciate the equation of continuity Av = Constant for the flow of an ideal and incompressible fluid. 
eciate that the equation of continuity is a form f principle of conservation of mass. 
Un stand that the pressure difference can arise from different rates of flow of a fluid iSernowill 


ve Bernoulli’s equation in form P + 4 pv’ + pgh = constant : } 
Explain how Bernoulli effect is applied in the filter pump, atomizers, in the flow of air i aerofo 5 
Venturi ster and in blood physics. : F 


| Give qua alitative explanations for the swing of a spinning ball. 


7 


CONCEPT MAP 


mics 


Fluid Dyna 


The study of fluid in mouon 


( Liquid & Cascous i 


Chapter No. 
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Terminal Velocity 


Drag's Force 


Henna li ‘§ 


| AT idicrmh 


= | 
: = 
yu ¢ 
= — 
hes | 
— = 
= -_— 
— 
== 
Sc 
i 
ied , 
Fal —- i 
— 
— 
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Turbulent | 


of 


Apoli Aalionts 


| 
| a, 
| 
_—_ j 


: Venture He lotion) 


Tornéeli's Thcorem: 


ae | ea of vis 


rs PHYSICS \! (Subjectiy c) 


at can flow from one polar, : 
that can ow trom one place to another is Called a flyid 


aw gypstance 


examples 3 
ote and gases are classified as fluids 

suid dynamics 

sme pranch of physics which deals with the study 6F fluids imi 


Hon is Called fluid dynamics. 
 panservation law in fluid dynamics 

cs 

| nee 
» tawof conservation of m@ss which gives basis of the equation of continuity 


» Law of consemvation of efergy gives the basis of Bernoulli's theorem. 


+ What is meant by the term viscosity? Explain. and fluid friction or drag force and state Stock’s Law? 
Viscosity (nr ) 
Viscosity: The inctional eifect between different layers of a flowing fluid is describ 
of comity of the Muid. Viscosity measures, how much force is required to sli i = 
iguid over amether layer. It is denoted by 1). The SI unit of viscosity is Ns/m- ee 


ed in (etme 
‘layer of the 


* Substances like honey and thick tor have large coefficient of viscosity. So they can not flow easily. 
* Substance like woter ond mi | fficient of viscosity 1. So they can flow easily. 


* Its dimension is [MU'T"]. 
* liquids and gases have no 


perature while for solids and liquids it deceases. 


dy of dynamic fMuid Is relatively complicated, but analysis can be simplified by making a few 
' sumptions For this purpose we also usé he following conservation laws. 
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50 Grag force is a velocity dependant force. This equation shows that drag force 
depends upon 

i) speed of sphere (v) 

ii) size of sphere (r) 

ii) viscosity of medium (n) 
State Stoke's Law. What are its limitations? 


Q.3 


{ Ans.) 


= 


Stoke’s Law 


This law states that the drag force F acting on a sphere of radius r moving 
slowly with velocity vina fluid of viscosity 1) is given by 


a 


Limitation 
This law is valid only for spherical bodies moving slowly. For high speeds 
drag force is not simply proportional to velocity... 

What is terminal velocity? Show that terminal velocity of fog 
= droplet is directly proportional to the square its radius? 
Terminal Velocity 


T, he maxunin and constant velocity of an object falling vertically downward is 
called terminal velocity. 


Explanation 


Q.4 


Consider a fog droplet falling vertically downward. The drag force of air increases 
as the velocity droplet increases. The net force on the droplet is, 
Net force = weight — drag force 
F=meg-— 6nnrv 
ma= meg — 6mnrv 


When drag force becomes equal to the weight of droplet then it will start té 9; 


move with uniform velocity, called terminal velocity (v,). So its acceleration 
becomes zero. {i.e. a = 0} 


Thus the above equation becomes 
m(O) = mg - 6xn ry, 


O= meg — 67 rv, | - — 


OR = ONT MEME _ 


OR 


(1) 


Where v; = the terminal velocity and 
n = coefficient of viscosity, 
Relation between terminal veloci 


4 
= 
—_ 


Since 


OR pice 


. ebBer ‘ 


QoQ 2onogs o 
Ps) weep ere gtr. 


[Ves 


nmr for spnere| 


Hence © 


op 
: = constant] 


On 


OR We = r* 
Thus terminal velocity ss directly propertional to the square of the radius of droplet. 


as What is. the difference between steady and turbulent flow? 


Fluid Flow 
| tetus consider the flow of the fluid through the pipes. It may be either streamline or turbulent. 

i | Laminar Flow | | 
p 4 ‘| In laminae-or stream line flow each particle along a stream line moves exactly along the same path as 
2 followed by the particle which passes through that point earlier. = a et 
yy | the flow of a fluid in which every particle of the fluid moves along a smooth path is called laminar flow. 
mB | C{urbulent Flow 
| [he irregular or unsteady flow of the fluid is called turbulent flow. — | 
| When the speed of flowing fluid exceeds a certain critical value, the flow’ 
becomes extremely irregular and complex and it changes continuously with time, 
Thus, 
According to figure, . 7 
Difference between Laminar Flow and Turbulent Flow = 

* In laminar flow, each particle of fluid moves along a smooth pas 
, desmotchangewithtime = 
“In turbulent flow the flow pattern is not 5: 


ly ‘li L = 


r 
1}. . 
| 


ae 


is : a 
Si, 


ia 


ee Sgn oe ma 
a | 2 a 
= | } 


™ et 
ECVE 


} <; it 


ml | 
, 
a oe | 


a 
a ‘i 


aie a | a 
ee 


Cie 


Area of cross section of pipe =A, 
The pressure of fluid = P, 
Force exerted on the fluid =F, 


Distance moved by fluid in time At = Ax, 

Velocity of fluid =v, 

Density of fluid = p 

Volume of the fluid contained at upper end = V 

The work done on the fluid by the fluid behind it is given by 
W, = F,Ax, 


OR W, =P, A, AX, Be ¥ = nN => F= PA] 
om) 

OR Wy=P,Ayw At (1) [* Ax, = At] 

wilt done at lower end 
Lae Bt lower end. 

Area of cross section of pipe = his 

The pressure of fluid = P, 

Force exerted on the fluid = F, 

Distance moved by fluid in time At = Ax, 

Velocity of fluid = v, 

Density of fluid = p 

Volume of the fluid contained at lower end =V 
“eelarly, the work done on the fluid by the fluid ahead of it is given by 

W,= —F, AX 


W2=—P, A, Ax, [es P, = a0 => F,=P,A,] 
Pe 7 
W,= —P,A, v,At (2) [- Ax, = v,At] 
“oe Negative sign shows that this work is done against the fluid force. 
®t work done 
‘» net work done both at upper and lower end is 
W=W,+W, 
, ; W = P,A, Ax, At- PA, Ax, At 
W=P,A,v, At—P,A,v; At Dee)» a9) 
“ccarding to equation of continuity | 
AVS Aw, 


AM At= = Aw 2At= V 


| an WePv=PV 
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r F ‘ a - ewes A | : 2 | a 
. ~~ Change in K.E. = /\ (K.E) = = 5 MV, « s mv," a | 
changing in P.E.= A (P.E) = mgh, — meh, NE 
re the heights of th 
“where he and hy; a B € upper and lower end Riel 
Daw of conservation of energy 
«BY work done = change in K.E. + changeliA Pe. a 
<1. . 1 : h Z. | 
oS TMatle (P, = Pa) p sar) idee my" Psu 4, az meh Nes fi 
—_ —a é — ol a 
| | a. 
a = “wutipiving both sides by, we Za) ek 
———-. é — = M ~ . % A chimney works best when it is tall 
‘ ° ie | | | =p . te and exposed to air currents, which 
t | P,- P, == A: - 3 és + +P - pgh, reduces the pressure at the top and 
Bip E 7 | %, - 2 | aa | ln the upper region aumospheric | 
a ~~ Beh - = Pi = pv, + pegh; pressure ts small and the sinoke 
Vika te io Wwithe tall chimney rises upward 
ation ‘and itcan ELE be expressed as See 
‘. Sitfaam of nr PassinG fi | 
dipped i a iQquad will Cay om ae 
0O fise in the tubeas shown: Ths ofa ; 
s used in perlume bottles and bilild ‘ 
sprayers. as . = 
Due to greater speed oii n of Bernoulli’s equa ni. de Aretha , 
harrow Bat ot. es Rueorem a a bse ren _ = anne ms } — ’ 


Torricelti's 7 fheorem is Bernoull “a equation with ceftaln asstimption Mac 
ale ment he : a = A! al ees 1 j F 
ns Ls rg Hn a, a i 
» (he veloc ‘ily’ f'¢ yauines ‘dd 1b yi tl he Tuic 
ht aly : 


iT 


7 ms a P a | 
n i = = = =e ry 
a i] 7 ' =i " P oo j up Jer 


TT oT 


p = p_ =P (atmospheric pressure} 
Hence, equation (1) becomes 


ii | ey : = 
P+ — plo)’ + pgh, =P + = pve * eh P, +> PM ~ Py, +5 P¥n ———— (2) 
a ’ (‘e : vet vaz0.20m/sand —ve=2.0 m/s 
OR ngh, = — pv + pen, these values in equation (1), we have 
eee = 7 Usite : | : 
Urividineg both sides by ;p, we get D, + It (1000) (0.20)° = Pat - (1000) (2)° 
at = : 


, Pp, + 2U0= P, 2000 
p, — Py = 2000 - 20 


ae 
Bhi = =.¥2.-% Bn, 


OR : v; =gh,- gh; OR p, — P, = 1980 N/m? 
| he G Gn aoe F shows that the pressure in narroW pipe whereystream lines are closer 
OR eS ta gih, — Fa) Maa yet owe eM a bathe ic smaller than wider pipe. Thus 
oR ea. Ms: va te bo Thane ME yere speed is high, the presgBre Wilbbe 1 _ 
OR ao = J2eth | 4.3) te ede ae few a } git How a dynamic lift is produced in an aeroplane? __ = 
This ts Torricelli's theorem, nKugh tn wee : “ANS, 
Note se | tft on an aeroplane 


's due to the effect, where speed of fluid 


f flow whether the | EXPLANATION. The lift on an aeroplane 


* The speed of efflux is independent of | 
\t the — consinene |) is high, its pressure will be law. 


opening is directed upward, downward, or horizontally. 


= Speed of efflux of liquid is the same as the speed of the ball that falls ms ‘s yrcater at} | Explanation : a a ea Swe 
freely under the force of gravity through a height (h, — h3). hensive has wat ‘andl | Thegesien poe sg pais ne ee wing than lower Wo 

Pe es 7 Oe Mie hoe ae vie ene or rae : bon sik Serie | » Stream lines are closer together above the w ee | ae. 

= if the hole is pointed upward as at ‘B’ shown in figure, this K.E. would | the tube st — the wing than the lower side. 


« Ajris moves*taster at the upper side of 
» Pressure is ower atthe topofthewing. 

Hence, the wing experiences a net ward force. 
How swing producedina tennis ball? 


allow the liquid to rise to the level of the water tank. 
* In practice, viscous energy losses would change the result to some extent. 
0.10 What is relation between pressure and speed of fluid in a horizontal 
pipe system? 


| a 


A | is.) 


a> he Swinging of a ball 


Relation between Speed and Pressure of the Fluid _ | Consider a tennis ball moving through air from left to right ishown Lig tes 

Where the speed is high, the pressure will be low. || such a way that it spins as well as move forward. The stream lines o app 
Proof to move from right to left. AR RE a 
= Suppose that water flows through a horizontal pipe system as shown in figure. | The layers of air near the surface of ball are pulled around in the direction Of SP 

* The area of cross- section of the pipe at Ais greater than the area of crossssection at 5 | _ due to friction between the ball and the air Vie. cae ; 


The speed of air at one side of the ball increases than a0" 
In this case, the pressure at one side of ball becomes su 


| yl ‘ 7 
oa eh b ss 
ial 1k 5 4 . | 7 Le | 
ry ; : : 7 f | 
| cL : “| a + ' of 4 i | 
| . iF "he r FF i : " 
i | 2 | J oa ee i a = * 
By a. ss hinge . " 
De as oe = te 
é 
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* According to equation of continuity. The speed of fluid at B is greater than atA. 
Applying Bernoulli's equation at points A and B, we have 


f 


her side 
; i 
4 iy + 
ci | i oes | 
oy FE r, 
' et re es 
i es a i, 
— sla 
ae ill 
ST 


nis 
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Me - lak A q 


. ’ ‘ | 
Pa, ¥ > 1 puch , ie , ey, 7 + | (1) 


Where 
P. = pressure of water atA 
P, = pressure of water at B } 
v, = speed of water at A 
va = speed of water at B 2a 
\) = density of water = 1000 ke/m? : 
as the pipe system ts horizontal, therefore hy = hy. Hence average P.E. is same at 
both ends. So equation (1) becomes 
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section of re Hioe al Ah. i¢ ge! - i 


section at A; 


ood pressure (BP} 


The speed of fluid at A) is greater than at A; ‘By equation of continuity ne £ pressure exerteco by the circulating blood on ine walls of the Bic 
Applying Bernoulli § equation at oomnts Aand &, we Neve Tl vessels ” called bl lood pressure | i& Diood 
Pp : a Ke |! | r , . Blood We sels are not rigid 
+ Oo. = pon. = * ov. * O2n | 
alr ¢. ae hk | ad > (indet normal ¢ ondiuions 


the volume of the blood 15 cuffipient to keep 
Where i act Ce) 5 intl ated at all LMes 
. rhe Ves >! 


P. = pressure of fluid at wide part of the pipe se 50 the pressure of the blood inside fhe veceeks is 


greoter than 


P. = pressure of fluid at narrow part (called throat) of the pipe atmospheric pressure 
v, = speed of fluid al wide part 
v. = speed of fluid at narrow part 
(= density of tluid 

As the pipe system is horizontal, therefore fh, = h, 


Hence average P.E. is same at both ends. So equation (1) becomes 


» During each heart beat, BP varies Between & maximum (systolic) and a 
minimum (Giast ic) pressure 
se Apperson, 
pressure over diastolic ol 
gystol!« Pressure 
e itrepre> ent 
« The value of nie 
piastolic Pressure 
e it represann 
rest. 
The value of low blood pressure ‘diastolic pressure) is about 7 


blood pressure is uUSuaiyeexpressea an terms of the systolic 


essufe(mme)pfor example 120/80. 
ie moximunepressure exerted when the heart contracts. 
essure (svatolic pressure) is 120 torr 


biood pi 


the minimum pressure in the arteries wnen the heart 1s at 


‘= Bo torr. 


(2) ‘ 
Note 
She valde Gfeblood pressure Increases with age due to decrease In the 


flexibility of vessel's. 
Unit of blaod pressure 
The blood pressure is measured in forr orm 
Relation petween torr and pascal 


This is called venturi relation which used in venturi-meter to find the speed of fluid 
Special case 

if A, >> A, therefore, vy << Vp. 

Then, according to equation of continuity 

Ay, = Avy 


OR Vv, =| —|¥. #0 Measurement 7 Blood Pressure. 


| Blood 


| determined by the force 


| measured while you are 


| should be bare, with your 
| sleeve comfortably rolled 


223 


Do vou know? 


pressure is a | 
measurement of the force | 
applied to the walls of the | 
arteries as the heart | 
pumps blood through the 
body. The pressure is 


and amount of blood | 
pumped, and the size and | 
flexibility of the arteries. 


For vour information 
Blood pressure is usually 


seated with your arm resting 
on a table. Your arm should 
be slightly bent so that tt is | 
at the same level as your 

heart. Your upper arm 


up. 


sf : a a lood dynamically in the vessels. 
Hence equation (2) becomes, nomanometer is used to measure the pressure of blood ayn Y 
© Steps to measure blood pressure 
Py = P; = - i.) is = 0) * An inflatable bag is we ynd around the arm. : vet 
; = The bag is inflated to increase the external pressure on the arm to compress the Hai vests Ne: 
- (3) | * When the external pressure becomes larger than systolic pressure, the vessels fall down. 
é, I 


* The flow of blood is cut off. 

" Head of a stethoscope is placed over the artery. 
Systolic pressure : 
’ * Qpen the release valve to decrease the external oe. geadealy 


* When external pressure becomes equal to syst 


Venturi-meter 

The device which measures the flu/d s 
venturi relation = 
Q.14 What do you know about blood pressure? How it can be measured dynamically? 


‘is called venturi meter. The working principle © 


f venturi e 


ED Bl 0 od F low ; - ~4 | ; . ; | 7 oe . ne | | . r ‘ "i ni ir ‘C Ww 
Biood © 120} Rae 
a 


Pressure (torr) 
S © 


early equé > to that of water. 
° Viscosity of blood increases three to five times that of water due 
to high concentration of red blood cells (-50%) 


, the vessel 


Diastolic pressure so as 
= Now decrease the external pressure further till it 
becomes equal to diastolic pressure. 
*® The vessel gets normal. 
= The blood flow changes from turbulent to /aminar. 
The gurgle in the stethoscope disappears. 
This is time to record diastolic pressure. 


ie, 
— constant 


Av =constanl 


| be | 
p+ <pvi *pgh,=P, +— pv tpeh, 


Torricelli’s Theorem 
(speed of efflux) 
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: Four possible 
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Multiple Choice Questions 


see diel na! each statement are piven below. Tick () the correct answer: 


if the radius of falling body is doubled, then what will be effect on its terminal velocity? 


(a) Increase Dy 2 times (b) Decreallit by 2 times 
(c) Increases Dy 4 times (d} Decreases by 4 times 


Aten meter high tank is full of Water. A hole appears at its middle. The speed of efflux be: 
fa) =5ms” 5) 
ic} 100.MS (d) 


ioms 
5.10ms_ 
The maximum drag force of a falling sphere is 9.8 N, Its real weight is: 


(a) iN (b) 9.8N 

(c) A.oN (d) 0.0 N 

the effect of decrease in pressure with increase in speed of the fluid in a horizontal tube is known as: 
(a) Bernoulli's effect (b) Torricelli’s theorem 
{c) Viscosity affect (cl) Equation of continuity 
The'S! unitof flow rate is: 

(a) mos” ier s 

(c) ms. (d) ms” 

When the temperature increases, the viscosity of the gases 

(3) Decreases (b) Increases 

(c) Remains constant {dl} None of these 


“Dynamic lift” is related to: | ae 
(a) Bernoulli's theorem (b) Archimedes principle 


(c) Equation of continuity (d) Pascal's law 


i i. 3 an the , : { 7 i + j 
A gale [i.e., very strong wind] blows over s house. The sii due to the gee: ig roof is ca 
rs : ee 
(a) In the downward direction (b) Inthe ses cto 
(c) Zero (d) ecco 


With increase in temperature, the viscosity of: 
it A A Bas decreases and a liquid increases 
c) «Both gi 5's and lic dauld 5 decrease 


(b) A gas increases and @ liquid decreases 
(d) Both gas s and liquid’s incr wcrease | 


i 
wh 


; 4 n _ .-Y at. . Ss — i wi a ae 
wee ra i . = rar — ue _ 4 I i z Th OV , ! we 
me i Fj i? is ™ LOE i a a i | = 
ee i i ; z 1 = 
—_ -- op i 5 Pa —_— = 4 
i ‘ 
7 


¢ = es 


12, 


15. 


16. 
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{c) 2:9 aq} 4°33 
Which one Is the venturi relation? 
(a) = R-P, =p (b)  V,=,/2g(h, -h.) 
(a A.V, =A,‘ (d} None of these 


Laminar flow usually occurs at: 


(a) High speed (b) Low speed 
(¢) Very high speed (d) None of these 


The $.l. unit of co-efficient of viscosity Is 


(2) Kgem's™ (b)  Kgm's” 

(c) Nsm~ (d} Bothb&c 

The relation between Nm” and torr is 

(2) ? torr = 13.33 Nm* [b) 1 torr = 133.3 Nm” 
ic) Storr = 1333.0 Nm™ (d) 1 torr = 1.333 Nm” 


How the fluid speed changes If the diameter of a pipe is increased to double? 


2 Remain seme (b) increases to double 

(c; Reduces to half (d) None of these 

High concentration of red blood cells increases the viscosity of blood from 

(2) 2-3 times that of water {b) 3-5 times that of water 
fc) 2-4 times that of water (d) 5-7 times that of water 
For which position, will the maximum pressure in the body have the smailest value 
fa) Standing up right (D) Lying horizontally 

cj Standing on one’s head (d) Sitting, relaxed 

The value of blood pressure ___ with age. 

‘2) mrress=s (b) Decresses 

fs Reman same (d) None of these 


Biood pressure 
Sot b&c 


} aé 
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| Ans. Drag Force 


ier's PHYSICS — XI (Subjective) 
shoe . 


Short Questions Of Exercises 


"explain what do you understand by the terrn viscosity? 


iLhr 2004, Fed. 2005) Mir Pur 2004-2006, Lhr 2010-2011,Grw2011} 
viscosity 
Viscosity of a fluid is the measure of its resistaneeita flow. It is the fr frictional effect between different 
layers of a flowing fluid, It measuresthat how much force is réguired to lide one layer of the liquid 
over another layer. 
What Is meant by drag force? What are the factors upon which drag force acting upon a small sphere 


of radius r moving down throughia liquid, depend? 
(Federal 2004, Mtn 2009) 


an objectmoving througtye fluid experiences a retarding force calied drag force. 


Factors 
according te Stoke's law, drag force is given by, 
F=eonnrv 
This equation shows that drag force depends upon 
\) speed of sphere (v) 
ii) radius si sphere (r) 
iii) | 


ity of medium(n) 


6.3 Why fog droplets appear rto be comandad in alr? 
* (Federal 2003, Mir Pur 2003-2009, Sgd 2005, Mtn 2004, Rwp 2006, 
Fsd 2005-2008, Bwp 2007 Grw 2009, Uhr 2070-2071) 


p Ans. Reason 


Terminal velocity of a fog droplet is 
ME 
6xnr 
OR Ve ox ME my, ee: 
As the weight of a fog droplet is very small the | 
Thus, terminal velocity is very sr al and 
Q6.4 Explain the difference between jamir 
ederal 2004, Mir pur 2004, Min 2005, Uhr 2008, 8 


as Difference between ina oan Tse sath which does 


Vi = 


P+ , pve tpgh= constant oie 
7 _ : -= | 
- 610 explain the working oft a carburetor of a motorcar using Interesting Information 
Applications : Q, gernoulli’ ‘ principle. : 
(i) The swing of ball (ii) Lifton an aeroplane | (Rwp 2005,Grw2o11) 
(ti) Working of carburetor (iV) Blood flow working of carburetor 
ns. | Pea 
0.6.6 A personis standing near a fast moving train. |s there any danger that he will fall tows, ‘ The carburetor of car engine uses a venturi duct to feel he | Presa 
Fa (Sgd 2003-2004, Lhr 2005-2008, D.G,Khan 2005, Bwp 2004,Grw 2005, Feg 2004) ih | correct mixture of air and petrol to the cylinders, 
Ans. * Yes, there is danger that he will fall towards the train. : pir passes through the duct and along a pipe to the cylinders. 


Reason 


When fast moving train passes near the person, speed of air between train and the 


According to Bernoulli's relation 

where the speed of fluid is high, pressure will be low. 
30 pressure between train and the person decreases. Hence large pre: 
him towards the train. 


0.6.7 Identify the correct answer, What do you infer from Bernoulli's theorem? 


(i) Where the speed of the fluid is high the pressure will be low? 
(ii) Where the speed of the fluid is high the pressure is also high? 
(ii) This theorem is valid only for turbulent flow of the liquid? 


Ans, Statement fi) is the correct answer, 


0.6.8 Tworow boats moving parallel in the same direction are pulled towards each other, Explain? 


Ans. Reason 


As speed of water between the two boats In rea 


where the speed of fluid is high, its pressure will he low. 


SO pressure hetween the two hoats decreases. Wence pressure difference is produced which pa . 


boats towards each other 


(Aw 2003, Federal 2005, Mir Pur 2006-2009, Grw 2009-2010)Lhr 2010-2011," 


Paster air. 
lower pressure fF; 


0.6.9 Explain, how the swing is produced in a fact moving cricket ball? 
(Federal 2006, 66d 7005, 0.6 Khan 2005, Bvip 2007, Une 2009) 

Ans. Swing ina cricket ball 

When the ball moves forwards as well as spins, the speecheotair on 

greater as compared to the other Accor ding 

to Bernoulli 4 relation, 

where the speed of fluid is high, its pressure will be low. 

50 at that cide, the pressure of air Gecreas@ f-ret—tere scion 

4 if extra curvature 10 the ball called swing: This athich 


ans vives the bateman. 


its one side hercomes 


, | A Yorn cuct i feed The one rie 
: Derson n Re ls ( it drawe tral... r h roe | eS a 
_ : | react in the duct It draws petohvapours inte the air stream of aor mined peated tio the eyliredarn Aas 
cf | r SSUrE i drawer ferris fp cct aed ator 
A cue be Op € fewest A ferey ified af 
: T ‘ - F ve ne wrle wy mid I feur{ with ta | 
0.6.11 For which position will be Mia xu rr blood pressure (systolic Tha ar been ie eT | ioe Baton 
| a cestiey iow pretaue in he 
Sure behind the person pressure) in the body having the smallest value. (a) standing up hurt adden arent cened thie tio 
Putt, right. (b) sitting (c) lying horizontally (d) Standing on one’s | _ Sn a omer 
head? 


's 50, According to Bernoulli's relation | | 
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| 
| perol is mixed with air by a small yalve at the side of duet. 


he carhureior of @ car ere WAn4 


The air through the duct mowes very fast Which produces low 


(Grw 2010) 


The correct answer is (c} 
lapStanding wpright systolic pressure has maximurn Value in the neck 


Ans. 


(b) Sarm@as above 
(dj in this ease, the systolic pressure has maximum value in the legs. 

0.6.12 In an orbiting space station, would the blood pressure In major arteries | 
than the blood pressure in major arteries in the neck? 


(Mtn 2004, Mir Pur dine | 
n the leg ever be greater 


(D.G.Khan 2006) 
Blood pressure would be game. 

In a orbiting space-station, everything is in state ol weld: 
arteries of both in neck and legs, 


Ans, 


sness. So, pressure will be same in major 


Solved Exercises _ 


‘ Heflentian tare 


a high building, Calculate its 
of water p = 1000 kgm” 


of radius 0.010em descends through air from 


A tiny water drople for air © 19 «10° kg m™'s”' and density 


terminal velocity. Given that 1 
if en Data: 
_., ue of water ues tapi 5 01 10" m 


{ 4 i | { }f j | ry 
n sity of wai 1000 kgm 


— — ——— , eee Chapter g Fluig : 


2er*p 
on 
Putting values, we get 
2x 9.8 x(1.0 x10)? x 1000 
9x19x107° 
2x 9,.8x1078 x10? 
hc 
9x19x10~ 
0 «y1073 
v= st 
17110 
v.= 0.11 x 10ms” 


¥.™ 


¥\™ 


A water hose with an internal diameter of 20 mm at the outlet discharges 30 kg of water in i 
Calculate the water speed at the outlet, Assume the density of water is 1000 kgm™ and its flow j 
steady. 
Given Data: 
Internal diameter of water hose =d = 20mm =0.02m 
==0.01m 


Internal radius of water hose= fr 


Mass of water=m = 30 kg 

Time taken = t = 60s 

Density of water = p = 1000 kgm” 
To Find: 

Speed of water = v=? 
Calculation: 


Cross sectional area= A= ar 

= 3.14 x (0.01) =3.14 « 10° m’ 

From equation of continuity 
Avy = Rate of flow 


iar’ pHYSICS ~ Al (Subjective) 
gene 


231 
my. = 
t Axp 


Vv = 
putting values, wet get 


v= 09% Tax10 x 1000 
0,5 
0.314 


v= 1.6ms_ 


y= 


pla a) 
eu | a : | : = 
‘Water flows down hill through a closed Vertical funnel. The flow speed at-the top is 12.0 cms '. The 
flow speed at fhe bottom 1s twice the speed at the top. If the funnel is 40 cm long and the pressure at 
the top is 1.015 ™ 10° Nm \ what is the!pressure at the bottom? 
| Given Data: , -s 
Flow speed of water at top= v; = 12 cms = 0.12ms 
Flow speed of water al botiom.= v2 = 2v, =2 x 0.12 =0.24 ms” 
Length of the funnel = h=h,—h2.=40cm=040m 
Pressure al the top = P)=1.013x10° Nm”™ 
DensityOr waler = p = 1000 kgm™ 
To Find: 
: Pressurevat.the bottom = P2 =? 
Calculation: 
According to Bernoulli’s equation 


| | ; 
Pi+ = pv + pem=Prt 5 py, + pgh; 
25 ais 
P2=P, + pg(hi—h)#> p(¥ -%9) 


P2=Pi+ peh+— p(v -%) 


D, ing values, we get a 
Py = (1.013 x 10°) + (1000 x 9.8 x 0,40) + — x 1000 (0.12) - (0.24)') 


P2 = 1.013 x 10° + 3920 + 500 (0.0144-0.076) : 


Pa 1.013 x 1o* + 3920 + 500(-0.0432) 


Lait Saal i! a Fhe! he : 
= ) -_2 = Joan i = ; 


exercise Problems 


| 6.1 Certain globular protein particle has density of 1246 kem™~. t falls = | Or r Y, =1,"V, 
water(77 =8.0x 10 Nm ‘s) with a terminal speed of 3.0 cm /!. Find ther radi, ‘rough | d? 
= | adius Of the ; Pi) Or ——v,=—+-yV, 
Given Data: Dari A 4 2 
| Density of protein particle =p=] 246kgm™ | di*v, =d,"v, 
Co- efficient of viscosity = n=8.010°Nm”s d= dy" V 
: | Or Pe oe 
| Vv 
: Terminal velocity = v.=3.0cmh" SP Se Tr eee ; 
| Aus [00x60x60 0 ms Putting values, we gel 
| To find: 4 oe Lx LOY" (1) 
Radius of particle = r =? | 2] 
: Calculations: d,*=4.76~ 107 
As V.= 2er’p d5= 2.18%] 0°m 
: i Or 
Or 2 NY, | 
2pg 63 The pipe near the lower end of a large water storage tank develops a small leak and a stream of 
: Putting values, we get water shoots from it. The top of water in tank is 15 m above the point of leak. 
5 9xRx 104x833 10° a) with what speed does the water _ from the hole? 
2x1246x9 8 b) If the hole has an area of 0.060 cm , how much water flows out in one second? 
: Myers _ Given Data: : 
r=2.46*10 Height of water above leak point = h=15m 
=v 2.4610" | __ Area of the hole = A = 0.06cm? = 0.06 107 m’ 
ae To find: 
r™=1.567*10 Speed of water =v =? 
=) &hx 10% | Vv 
Set ea Volume of water flow per second = + = 7 (i.e. flow rate) 
6.2 Water flows through a hose, whose internal diameter is 1 cm at a speed of 1m/s. What should ¥ Caleula | 
the diameter of the nozzle if the water is to emerge at 21 m/s? Ea tions: Hares \g 
a j (a) According to Torricelli’s theorem 


Given Data: 


Internal diameter of hose =d, =lcem=1x10%m —_— 
v=,/ 2gh 
‘utting values , we get 


Speed of water in the hose =v, =] ms” 


Speed of water emergence =v,=21ms" 
To find: 
Diameter of the nozzle=d, =? 


Calculations: 


to equation of continuity, 


A,v,=A.v, and ms 


- 0.06x10~° x17 
rn et ae 

=102x107° i's 
Hence volume of water flowing oul per second 1.¢é. 


Rate of flow = [02cm /sec 


6.4 Water is flowing smoothly through a closed pipe system, At One point the Speed Of wat. 
while at another point 3.0m higher , the speed is 4.0 iy , If the pressure is 80 kp 
What is pressure at the upper point? 
Given Data: 
Speed of water at one point = v,=3ms | 


Speed of water al second point =V,=4ms Af 


= om m 4 j i Ro Ee Pail eg 
Difference of height between two points ha — h, =3 y ee 


Pressure at lower point = P =80kPa = 80,000 Pa 
To find: 
Pressure ut upper point = P,=? 
Calculation; 
According to Bernoulli's theorem 


seat Loh eerie, 
EW wk! cal ala hie, a 
Or P,=P +5pY, py » +pgh, “pgh, 


P, =P +—p(v?-v,*)-pgch hy) 
Putting values, we get 
P, = 80000 + : x 1000(3° — 4°) —1000x9.8 x 3 
= 80000 + 500(9 — 16) — 29400 
= 80000 + 4500 — 8000 — 29400=84500-37400 
= 47100 


_= 47.110 Pa 
= 47kPua 


| > Neti 
6.5 An airplane wing is designed so that when the speed of the air across the top of the 


r is MW. 
4 at the love i 
| i 


£ ol 
‘oe | Bl 
| ah 


h, = h,=h(say) 


find: | 
_ pressure difference = P> - P,=AP=? 


calculations: " 
According lo Bemoulli’s equation 


|; eee 
Pi +5PM +PEh =P:+— Pil +pgh, 


15. te 
i *TPY, +pgh=p, +=" » tpegh 


| ea 
P.-P =—ply, -v, ) 
| ih Beep 


B= x1 29((450)? 4(410)*) 
: = ().645(202500 - 168100) 
= 0).645(34400) 
=22)88Pa 
=22.188x10°Pa 
PyP, = 22kPal 


66 The radius of the aorta is about 1.0 cm and the blood flowing through it has a speed of about 
30cm™'. Calculate the average speed of the blood in the capillaries using the fact that although 
each capillary has a diameter of about 8x10 cm, there are literally millions of them so that 
their total cross section is about 2\)0Uc/ a 
Radius of aorta=r; =1cm=1 x 107 m r 
Speed of inflowing blood = v, = 30 cm/s. a 30 x 1) adh 
Total cross sectional area = A; = 2000 cm” = 2000 x 107m Pee 
: =sO2m : 
Average diameter of capillary = dp = 8 x 10“ cm=8x 10m 
Tofind: ; 
, : . . 
| _ Average speed of blood =v, =? 


. u 1 i wT 
“ mR, mit he A. | 


diff ad 7 weer yj Tae cat F pi oe aaah - ™ aa ' ity ' 
450 ms”, the speed of air below the wingis 41 Oms . What is the preset ba | | 


the top and bottom of the wings? (Densily of air =| 1:29kym™) 
Given Data: | 
Speed of air on the upper surfuce = V, =450ms' 


Speed of air on the lower surface = v,=410ms -| 
oJ 


Density of air = p=1.29kgim 


236 : 
3.14x(1x10°)x30x10" 
0.2 

*, 3. 14x30 x10" 
; 0)? 
_ 942 ¥10~ 
() ? “) 
=4.71xl0*=5xI0"ms” (Approx) 


=4/|x 1” 


6.7 How large must a heating duct be if air moving 3.0 m/s along it can replenish 
300 m° volume every 15 min? Assume the air’s density remains constant. 


Given Data: 
Speed of air= vy = 3ms 
Volume of air= V = 300m’ 
Time =t= 15 min= 15x60 = 9OO sec 
To find: ' 
Size of the duct =r = ? (i.e. radius of duct) 
Calculation: 


AS Rate of flow = 


volume 
EE once Se = (area of CTOss - 


lime 


V 
Rate of flow =—=Av 
| 


a | 


Rate of flow =—=Tr V 
[ 


Or r= 


Putting values, we get 


r’=(0.0354 
r=0.188m=0.19m 
: = ato 


6.8 


Nm”"of wing area. Assu 


4s of wing to be one metre. 


An airplane design call for t a lift due to the net force of the moving § 
ume that air flows past the wing of an aircraft with 5 
speed of flow past the lower wing surface is 160 ms", what is the requires 
surface to give a lift of 1000 Nm? The density of air is 1.29kgm” 


fference on the wing P,-P,=1000N/m’ 


section) (speed of the fluid) 


St sols 


| calculations: 


a, o 
al ae | at j =_ “hd 
’ | —CUa a : ase i | 
| gl oa t 
gil on tt ion PF 

, | , 7 ~ ae P| i 
! ’ 

ii | ao it 

i i _- 
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speed of air past the lower surface =v, =160m/s 


Density of air = p~ |.29kem” 
Thickness of wing = h,-h,=Im 


To find: 6 


Speed of air over the upper surface wirig =.=? 


According to Bernoulli's equation 


A= 


P +—py, +e 
oY a 


: ae. 
1, ~P3 + PM, tpegh, 


Or P, —_ Ps = — oh v = Vv) ae pa(h, = h, ) 
Putting values, we gct 


1000 = * 1.29(v2 — (160)") + (1.29\(9.8)1) 


1000 = -* 1.2% v, — 25600) + 12.64 
1000 — 12.46 = 5% 1.29(v3 ~ 25600) 


987.54 = (0.645Xv, — 25600) 
987.54 _ 


— = v, —25600 
0.645 
1531.07+25600= vi 


e connected to the 


mains to reach a vertical eight of 15.0m? 
| Given Data: 
Vertical height = h = ne bh= 15m | 


}" hoph, 4 pen 


p,-p,eprh, -peh, 
Oy P,P, epeth, -h,) 


~~ a 
Pe | i 7 
Putting values, we pet ‘ 


PP @ 100029 BITS) 


PP =147000Nm" — Pa) r. a OSCILLATIONS 


Or [AP=1.47%10'Pa 


(dy 


ei fee OO @ 


Scholar’ S | Leaning ing / Object uh es) 


investigate the motion of an.oscillguar using experimental, analytical and graphical metnods 


| Fite Tir= 2) | <5 - : | 
(Objective) ? Understand and ceseribe that when an object moves in circie the motion of Ms projection on the 


diarneter of the circle if simple narmonic 
Iso available 


I }. Show that themotion of mass attached to a spring !s simple Narmonic. 


4. <Understand that the motion of simple pendulum is simple harmonic anc to calculate its time period. 

| § Understand ‘and use the terms amplitude, time period, frequency, angular frequency ac pnase 
q difference, 

| 6 Understand and use the terms amplitude, time period, frequency, angular frequency and phase 
: difference. 

; Describe the inter change between kinetic and | 
"Describe practical 


Gal amabe st ttione yrtanc pga he such 
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Y 
ra 
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Sharpness of 


| Resonance 
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i 
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Vibratory motion | 


Resonance | 


| Simple harmonic motion 


Forced 
Oscillation 


Free 
Oscillation | 


S.H.M and 
_ Circular motion | 


Simple | | 
| Pendulum | 


‘o on % 
»2| bee 
o | -F-— = 
— 8! oO. | 
oe) |a 
E9| |< 

1 oo a = & 
re) 

or; 


ae 


Tuning of | 
‘Radio or TV 
Microwave | 
Oven 


Max 
| Velocity | 


Instantancous 
Velocity 


- Horizontal mass 
attached with spnng 


Characters of | 
| mass attached 


Energy Conservation | , 


Time Period. 


In 


S.H.M 


i? 
oa 
— 


with spn 


z Chapte, 7 [Ore 


| Total energy | 


gcholar | 


| ____2> Oscillating system has inertia. 
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gscillatory peeon 


and [ro motion of a body 
yjpratory en. 
periodic Motion : npr 
2 oscillatory motion that repeats itself after 
periodic motion 


about @ mean positinn | 
uf a mean position is called oscillatory or 


equal. intervals of tie Is called 


examples of vibrating bodies 
4- The motion of mass suspended from @ spring 
2- The motion of bob of a simple pendulum 
: A steel ruler clamped at one efdito a bench oscillates when the free 
end is displaced sideways: 
4- A steel ball rolling if. a curved dish 
restoring force 


The force which brings the system back to its stable equilibrium position is 
called elastic restoring force. 


4 
Mathematically 


F =-kk 
itis equal and apposite to the applied force 
How to produce ascillation 
inorder to get oscillation; 
» A body is pulled away on one side from its equilibrium position and then 
released. 
" The body begins to oscillate (vibrate) due to restoring force. 
* Under the action of this restoring force, the body accelerates and it 
passes over the rest position due to inertia. 
" The restoring force pulls it back. : a 
* Since restoring force is always directed towards the mean posit 
the acceleration is also directed towards the mean position. 
Requirements for oscillation 


Wo requirements for oscillations are : 


1- Oscillating system has restoring [ 


“> 


(Vibrating objects) 
Fig. 7.1 


Q.1 Define Hook's law and simple harmonic motion? What Is restoring 
force, derive the relation for acceleration of mass attached with a 
spring? 


Hook's Law 
According to Hook’s law, within elastic limit, the applied force is directly 
proportional to the displacement.-Mathematically 


F oc x 
OR Fs kx __(4) 


Where k is constant of proportionality, known as spring constant. 
Spring Constant 
It spring constant is defined as the force per unit extension. \ts Si unit is Nm ‘and 
dimension is [MT*’].. 
Simple Harmonic Motion 
The oscillatory motion, in which acceleration of the body at any instant is 
directly proportional to displacement from the mean position and/\directed 
towards the mean position, is called simple harmonic motion (SHM). 
Examples 

1- Motion of simple pendulum 

2- Motion of mass attached to a spring. 

3- Motion of a swing. 
Conditions for SHM 

1. The system must have /nertia 

The system must obey Hook's law 


Fi 
3. The system should have elastic restorin 
4. 


The system should be frictionles: 


Q2 Show that motion of mass attached with a spring !s SHM. 


Cancion a mass m attached with one end of the spring. The mass ™ can 
move freely on a frictionless horizontal surface as shown in figure, 
When mass m is displaced through a distance x from mean position 
force F then, 


by a 


Fokx 
se Rr yan s! 0 ae This opposing force is 


| iC 
glasti eer ree ieee 
a orce which brings the body back towards its mean position is éalled elastic 
f aasorine force is represented a F, is 
The . 
E =-KX . (1) 


n of Mass attached to a spring | 7 Sehoronte pete" 


ar’s SS Al (Subjective) 


pestoring Force 


rh negative sign shows that F,is directed opposite tio « 
e 


when the ms> is released, it begins to oscillate about the equilibrium position : 
chown In figure, such type of oscillations are due to restering force and 
ib This type of oscillatory motion is called simple harmonic motion. 
in 
expression for acceleration 


The acceleration a produced inthe mass m cue to restoring force can be calculated using 
second law of mation 


E "a (2) 


——— 


Comparing BqUREOTN 1) and (2), we get 


m a= = -_ 


q= -cCoOnslani z 
qa-x ‘Hence proved} 
————— 


Q3 Define the following terms related to ‘SHM. 


(a) Wave form of S.H.M. [b)Instantaneous displacement 

(c) Amplitude (d) Vibration 

(e) Time period (f)Frequency foci 
(g) Angular Frequency ENoate 


Aa <n tii! ea 4“ 


Lah 


Wave form of SHM ti aes Me ro 
The curve representing the variation displacement with time Is calle? Wale © 
TM, 

that 
Consider a mass spring system with vertical arrangement in such a Rae Ps é ae 


Mtached with mass m form the trace on the strip of paper mo 


It is usually denoted by x. The value of instantaneous displacement 
mean position while it has maximum value at the extreme positions | 
Amplitude (x.} 
The maximum value of displacement of the vibrating body on either sides Jro 
MS mean position is called amplitude. ; ay 
it ts denoted by x... In figure, the amplitude is the measure of line Bb or Dd 
Vibration , 
One complete round trip of abe 

Onp und trip of a body about its mean noxiti i 
aera | Mean posilion is 
The motion of body frorn mean position to upper extreme position, from upper 
= POSITION to lower extreme POSITION and back to its mean posit at 
calied one vibration. So according figu CDE she 2 Sake 
sheet according to the figure ABCDE shows one vibration of 
Time Period 
The lime required to complete one vibration is called time period. 
It is represented by T its unit is second, 
Frequency 

The number of vibrations completed in one second by the body is called 
frequency. It is the reciprocal of the time period Ss 
tis reprt ented by f The unit of frequency is hertz or vib/sec or cycles /sec. 


iS Zero at 


called One 


OR 
(i.e. prodyct of frequency and time period equals one) 
Angular Frequency 


if T is the time period of a body executing SHM, its angular frequency (0) is given 
as a 


2n 


o> —— 
T 


i 
@ = 2 n(—) 


w®@ = 2 nf 
Note 
Basically, angular frequency is the Property of circular motion..in SHM, it 
provides an easy method e determine the instantaneous displacement and 
instantaneous velocity of boBy executing SHM. 
‘4 Q.4 Show that the motion of projection of body movi 
path is SHM 


C Ans) 
SHM and Uniform Circular Motion 


| 


- 


ng along a circular” 
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Pg. TA 
Art=0 polfifer is at positien A then at position B, A, C and back to A at instant 
| Wa. 1/2, 37/4 and T respectively. 
"Mcrcular motion point P is moving in a circle of radius x, with uniform angular 
) frequency wt). (Now consider the motion of point N, the projection of ‘'P’ on 
dameter DE. The levels of D and ’E’ are similar to points B and C. 
_ With te motion of ‘P’ on the circle, the point N moves to and fro on DE. Let 
} point P is at O, at t = 0, the projection N at instants 0, T/4, T/2, 3T/4 and T will be 


{ é 2 
* L T. 


nd P, shows that it is a copy of pointer’s 


| aa ex e +) ot 3 for | stantaneous c ispl ceme n , instan 
velocity and acceleration of the projection of a partici 
| ——_‘ircle of radius x,. WP. 
HN be the projection of a particle P movingina 
7 MBular _ oO of p ae 


246 


_,. PHYSICS — Al (Subjective) 
But ON =xand OP == i 3 P _—~ nt hac 


SO ing yalues of PN and OF in equation (3), we get 
. Ix? a x" 
As 0 = wt cos = + — 
aS ' x 
ee ae 7 
k= Xo SIN Ht (7) | a values of cos 9 in equation (2), we get 
This equation shows the displacement of pointer N at instant t. } putt" a 
Phase angle (0) 
he angle 8 which gives the states of the system during one complete cycle is called phase 1) Selig Pale 
Values of 8 of Velocity of N 
The wave form of SHM is shown in fig 1(c}. In which oye direction of velocity depends upon the value of phase angle. 
| ries from 0 to 90? then the direction of 
" At the start of cycle, 0 =o. » Whenitva visOto D. 
s When itvaries fromm 9O® to 270? then the direction of vis D to E. 
2. When 1" quarter of the cycle is completed, 6 =n/2. » When varies from 270” to 360% then the direction of v is E to 0. 
2. When half of the cycle is completed, 6 =n. . : special cases 
| | | osition (he. x =0) the velocity is maximum [i.€. Vis = WX] 

A. When three fourth of the cycie is comnier ~ucloe O =<a7/ © Acme P 

ourth of the cycie is completed cycle,6 =3x/2. * Atextreme position (Ie. x = x,), the velocity is zero [i.€. Vin = 0] 
5. For the complete cycle, 0 = 2 x. g)instantaneous Acceleration (a), 
Note 


The acceleration at any point P moving along the circle can be expressed as, 
Op = Xo w 

tis always directed towards the center O. 

The acceleration of point N will be component of 


For each quarter of the cycle, the phase of vibration is changed by x/2 radian. 
(2) instantaneous Velocity (v) 
The linear velocity of point P at ary instant t = v, 


sca ation a, along the diarneter DE as sno 
Then ¥,= ho 4 0. 
Since the motion of N on diameter DE is due to the motion of P on the roR > me " 
corce 


IN FOR WA 
sin 6 ~*~ COS | ; 
cos) = T> sin | " 
| cost = ie vn 


a= a, sind 


The velocity of N is actually the vertical cornponent of velocity v, in the : 7 ‘ 
OR a=x.' sind 


dwection parallel to DE 
The component of velocity parallel to DE is 
vev, sn 90° - §) 


(5) 


sno = 


OF v¥=v, cow) [Since «(90° — 0) = cost] | : : 
OF ¥en cow So aint . “ery ¥ | 
OF Y=E,OCOot _ pee | » A sta : _—__s (6) 
From ogrit angied triangle OF N iT . ‘ 

cost = ha eer: | COmis y \%/ 


Aopiying Pythagorean theorem, for calculating value of PN com ™ | 


— ; —a 
a=-@ i 


a =-—constant x [-. @° = constant] 


OR ax-x 
This equation shows that the acceleration is directly proportional to 
displacement and is directed towards the mean position which is the property of 
SHM. 
20 we Can say that point N is performing the SHM with the same amplitude. time 
period and instantaneous displacement of pointer P,, 


The angle (8 = wt) which gives the displacement as well as the direction of 
motion of point executing SHM is known as phase. 
OR 


The angle (@= at) which determines the stote of motion of the vibrating point is 
called phase. 
Note ; 
This angle is obtained when SHM is related with circular motion. 
Displacement in terms of phase 
Special case 
Let at t=0, the point P is at O, and N is at mean position. Then the initial phase of 
rotating radius OP is zero hence the displacement at t = 0 is zero. It is considered 
as a special case. 
General case(concept of initial phase) 
Let at t=0, the angle made by rotating radius OP with the reference line OO,= 0 
After a time t, the radius rotate ¢hrough angle =wt. The angle made by rotating 
radius OP with the reference line OO, at time t is (wt+0) 
So, the displacement at time t is given by 

K = X_ Sin (qt + o) 


Initial Phase 
Now the phase angle is 
0 =wt+o 
When t = 0, 8 =6, So ois called initial phase. 
Now taking initial phase as 90° or (=), then displacement is ’ 


x= Xo Sin (GX+90") 


js sine or 60° 
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‘on gives the dispiccement of SHM, but 


Tis motion form extreme position instead 


| arti 
| nf : 
| —~piscuss the motion of a horizontal mass « 
yalues of acceleration, angular velocity, 
displacement and instantaneous velo¢ity, 


IN this Cas@\ the point WN is 
of the mean POsition, as shown 


pring system» and find the 
time period, instantaneous 


: Horizontal Mass Spring System 
consider a mass m is attached with a spring, while the other end of the spring is 
} fyed with a rigid support ane it |S capable to oscillate on a friction less horizontal 
table. 

when the mass I is. displaced from mean position and released then its motion 
| sbout mean position ieSHM: 
instantaneous Acceleration 
let at displacement x the restoring force F produces the acceleration a. Then 


Poa =) 


Kecording to Hook,s law, 


: FF = kx _¥ (2) 
: Comparingabove two equations. We get, 


© For Your Informa” |) 


The wave from SH) 
| a =-@ — i"! 


| “mparing equations (3) and (4), we get 


- -* -* . 
2 m / 


li 
é 


= - 
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Time period iy : gchol wt 

As the time period of mass m having SHM can be expressed as, 
Jn 

Ts [ue of i (10) 
| ii) | 

Putting values of w, we pet ‘jn mum velocity | 
| velocity oF VIRFaNING Mme pe AoA at CXVEMM position (le. ate ay 
| y Ci} i; a A - F 
| 0 
| v = (0) 

: Vinin = O 

| OR 6 ween maximu 
E (6) felation bet mM verry (v.) and instantaneous “ 
| _yelocity (v) 

Frequency ysing equation | (10) in eqGation (9) we pet — 
| As the reciprocal of the time period is called frequency. So, 
at , ens (11) 
| isis the relation between maximum velocity and instantaneous velocity. 
| las What Is simple pendulum? Show that the motion of pendulum is SHM. 

Also find relations for its time period and frequency. 
| instantaneous Teatecdnarn 
| The instantaneous displacement x of mass m is ¢ 
| ws kay sms Simple Pendulum 
X= X» SIN cot, 
| An ideal simple pendulum consists of a small heavy mass suspended by o weightless, flexible and inextensible 


Putting values of m we get = | iteng fixed with a frictionless support and medium. 
: 4 jail the above mentioned conditions are incompatible and we use the light weight and less extensible 


Pee, aa in of simple Pendulum is SHM 
ASTaNCSNSOUS VElOCity } sider an object of mass m attached with the end of a light watahe string. very 
The instantaneous velocity v of a point performing SHM is given by | a pendulum one os Lil 


M lent of the pendulum / is the distance between the point of 
: zpphion and the center of the bob. 


| q ‘i ape un is displaced from Its mean position through a small 
pulzieased Bra. i starts to oscillate to and fro about meat 


1g PHYSICS — XI (Subjective: 
Pashesin® Wi) sbolar's Pe — 
Negative sign shows that force is directed towards mean position. 


Also we know that 


253 
adence of Time period 
vation shows that time period of 


(Nhe pendulum denona mn. 
; ; Fema i} se and Acceleration due to gravity _ uum depends on Length of 
Comparing above two equations, we get oe 
ma = —mg sin rime period of the pendulum is independent of mass, 
ue 2=—gsin 6 Frequency 
For small value ofangle8, sinQ=06 asthe reciprocal of the time period is called ad:feequency. So, 
2) a =~ (3) f=- 
From figure i a [* S= r§ >6- Ss : y putting yalue of T, we get 
: r | " 
4 
ae ‘a 0 is small $0 arc AB = x| 
50 equation (3) becomes, 
he Crt, whose time period is2 seconds is called second pendulum. 
SO T= 2sec Ge 
om & second Pen dulum 
@ = —constant x x [*." & = constant] | = T 
f | 

A = ‘ soll 
OR wae f=5 
This proves that the motion of sandukem is SHM. ; f =0.SHz 
Angular Frequency ais ' : 
We know that for a body naving SHM, | . 

a 3 —o* x _ (5) . - "4 1 : 


Comparing equation (4) and (5), we have 
{) 


—o"K = =) 


. ' = a 5 m : 
— 


2 = — ———— 


| ev 


——— - — — ia 


Accasating ke __|_aaynt ss Can secstai fan 
R_enetgy : 
- esq nt oe fea | 


Can, 


Instantaneous P.E. 
Let for any instant t the mass m is at a distance x from mean position, 
SO according to Hook's law 
F = kx 
When displacement =o 
Then F=0 
When displacement = x 
Then F=Kx 
So average force is 


i] BD) 
F = (kx) 


Hence the work done in displacing the mass through displacement x is 
W=Fd 


= = (he) (9) 
; 
= KX 


Work done appears as elastic P. E. So, 


Maximurn P.E. 


At extreme position, the P.E is maximum, as the displacement at extreme 
position x = x, So, 


Minimum P.€. — 
P.E. ls zero if the displacement x = 0, |.e., the mass is at mean position, thus 


inatentaneous K. E 
We know that 


Since 


imum K.E. 
the KE is maximum at mean position where x =o 


Minimum K.E. 
, the KE is minimum at extreme position where ®&= Xo 


K.E =| = 
2 “i 


Total Energy 
atany position, the total energy is sum of partly P.E. partly and K.E. 


ag total energy of Wanda mass spring system always remains constant. 


_ -Yuring the oscillatory motion where the K.E Is maximum, and the P.E Is zero and 
Lo | the P.E Is maximum Is K.€ Is zero. The change of P.E and K.E with 
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For example 
© 


If the mass of vibrating pendulum is struck repeatedly, then forced vibration< 
The vibrations of factory floor caused by the running of heavy machinery is anoth, 
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$a : .__.4 radio (Electrical reson. ») 
> afeé Produced | runing 2 £20 -Onance) 


ae | 9 1S a BOOO example of ef 
oar -' Cxamp! ing of radic €ctrical reso ) 
a ne if | Tun Hance. \Otune a radi 
| Driven harmonic oscillator .» wWeturn the knob of a radio. adio, 
The physical system undergoing forced vibrations is known as driven harmonic s it changes the natural trequency of electricale f 
oscillator. | af transmitter WILOT Teceiver until it becomes equal to the frequency 
: Q.12 What is resonance phenomenon? Explain it with examples? a Now the resonance 's produced and eneétgWabsorption isiaximum 
- » Hence a station is tuned. 
cooking by microwave oven 
Resonance e plays an impe@Pant role THOR 
: es Resonance Plays aN imMpOMant role in eating and cooking food by 
| Resonance is fhe specific response of ( vibrating syslem fo a periodic force microwave oven . 
acting with natural vibrating period of system. ieee » on 
OR » The microwaves produced by oven are gbsorbed due to resonance by 
= e” : | | “—_— watemand fats molecules in the food. 
The phenomenon in which the amplitude of a vibrating body increases when 
. 7 f e This iner@ases te internal energy of the molecules 
| te frequency of an applied force is equal to the natural Jrequency of the : | | | 
harmonic oscillator, « They get heat up and so food is cooked 
aan Ai = «Note 
Experiment to demonstrate resonance | } We ere — 
The wave length of the microwaves produced in this type of oven is1z. cm BF Atha conde 
Consider a horizontal rod AB is supported by strings S, and S,.Three pairs of pendulum aa’, bb’ anda m and frequency 's 2450 MHz | 


suspended to rod ‘AB. 


*® The length of each pair is same but different for different pairs. 


* <Asmall force acts on all the pendulums through the rod AB. 


* All the pendulums will oscillate with the pendulum c but with a slight’ 


periodic motion, 
* The pendulum c’,whose length and hence period is exactly the same as 
that of c oscillates with larger amplitude equal to c. 
*® The amplitude of other pendulums remains small because their natura! 
periods are not same as that of the disturbing force due to rod AB. 
Examples 
Motion of swing (mechanical resonance) 
® Aswingis a good example of mechnie 
* We apply a periodic force on swing. 
* When the frequency of periodic force becomes 
frequency of the swing, resonance is produced 
s So energy #bsorption is maximum 
* Hence, the amplitude tortie bi eas 
Collapse of suspended bridge 
On a big span bridge the soldiers crossi 


steps, if the frequency of steps coincid 
Then there is a Chance to collaps 


yo! to the natural 


B the bridge are ordered to break their 
coincide es with Ratural panceeei of the bridge. 


Displace pendulum c Is in a direction perpendicular to the plane of the paper 


Qi3 Whatare damped and undamped oscillations? What is damping? Chasnis wright tol damper 


— 


1 Oscillations ere i ni" 


Te fa. ~- 


| in wh ich re ear decreases with time due to en ergy dissipation 


— a = = = =——s —— =a 


ewe of the oscillating body gradually becomes smaller.and smaller. 
Metause of friction and air resistance. As the cenrey of the ost i sued edu in 


: TY Wh. 
AL HY ii 9 
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sche! olar 


(oe for mass Spring system | 
yea ? a 


Sharpness of Resonance 


* The amplitude of vibration of a body increases when the damping is 
small. 


# ind = ae spring system : 
executing SHM We - 


ency of mass spring system 
executing SHM 


Amplitude 


" Thus, the presence of damping prevents the amplitude from becoming 
sufficiently large. 
* The amplitude decreases rapidly at a frequency slightly different from 
resonance frequency. 
* The amplitude as well as sharpness depends upon damping. 
= ANheavily damped system has fairly flat resonance curve. 
Example to see the effect of damping 
* Attach a pendulum having very light mass such a pith ball and another of 
same length with a heavy mass of equal size such as lead ball. 
* Set them into vibrations by third pendulum of equal length and attached 
to the same rod. 
* It is observed that tee emplitude of the heavy ball is much greater than 
the light ball. 
*® So the sharpness of the resonance curve of resonating system depends 
on energy loss due to friction. 


| | Tstantaneous displacement of 
pring system executing | 
SHM 


mass § 


“pstantaneous Clase of mass 
spring system gxecuting SHM* 


| Maximum velocity of mass spring | 
system executing SHM \ >“ , 
| | instantaneous velocity of mass 
spring system in terms of 
maximum velocity executing SHM 
r Restoring force for simple 


— | ee | 


Hook's law 


x =x, sinwt 


instantaneous Sclociey afl 
cuting SHM 
instantaneous acceleration of 
be fy executlt g SHM - 
Time a and frequency of | 
body body executing SHM_ NG L 


i 
ih 


10, 


ae LTS we cack Seuee mer set are - given below: Pek ‘* } the correct, 


any vie Fr: 


The waveform of 35.4_M is: 


\a) Sanding wave (o) Sine wave 
be) Square wove id) None of these 


Force need to produce and extantion of one metre in a spring is called: 


(a) Stress (b) Strain 
(c) Spring constant (d) None of these 


When the amplitude of oscillation is doubled then energy of mass spring system becomes: 


{a} Double ib) Four times 
(c) One halt (dd) Six times 


A simple pendulum suspended from the ceiling of a lift has time period T when the lift |s ae 
When lift falls freely, the time period is: 


(a) Infinite (b) qT 
. 
(c) Zero (d) : 
In SHM, at extreme position is maximun: 
(a) Velocity (b)  Accerelation 
(c} Kinetic energy (d) All of these 
The working of is not based upon the principle of resonance: 
(a) T.Y. (b) = Radio 
(c) Microwave oven (d) Bulb 
Natural frequency of simple pendulum varies inversely: 
(a) Its mass (b) Length 
(c) Square of length (4) Square root of length 
Total distance travelled by bob of simple pendulum in one vibration is: ow 
(a) Amplitude (b) Square of amplitude ee 
(c) 2 times of amplitude (d)  atimesof amplitude ‘ 
When K.E. of SHM Is maximum, its: : | | 
(a) P.E, is zero (b) Acceleration is zero 
(c) ‘Restoring force ts zero (4) All are zero 


in damped harmonie oscillation, which one of them decreases? 
(a) Amplitude of vibration (b) Energy of vibration 2 
(c) Both arnplitude and energy : (d) Neither amplitude nor enerer 


WP ond 


WY, 
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whe distance covered by a bh eae 
— ¥Y 4 body in one complete vibration it 20 em. What is the amplitude of the 
(c) scm GT h Scorn 


what will be total energy of a mass attached.to « toring with 


spring constant 2 N/m when ditolaced 
chrough 2 m will be: EB cons / ola 


() 3? ip 8) 

(c) V4 (dyad 

if the length of second pendulum |s L, then length of pendulurn having a period 1 sec will be: 

(a) ik /2 (b) at. 

(c) 4k (J) fa 

A spring of spring constant K is cut into two halves. Then the spring constant of each part will be- 
fa) | =—séiK (b) =K/2 

(ce) 4K id) 2K 

The time period of the hour hand of a watch is: 

(a) 24 hr (b) whe 

(eye. 7 he (d) min 

Which ofthe following quantities is doubled on doubling the amplitude of a harmonic osciliator? 
(a) Total energy (b) Kinetic energy 

(c) Maximum velocity (d)  ~P.E.. 

Which of the following characteristics must remain constant for undamped oscillations of the 
particle? 

(a) Acceleration (b) Phase 


(c) Amplitude (d) Velo 
Time period of the simple eu iaowerl at Karachi and at Murree are srelaned as: 


(ile. vtec (bo) k<Tw 
(c) Tk = Tw (dq)  2T=37m 


A simple pendulum is escillating ina lift. if the lift starts moving | 
the period will: 


Be shorter 
Can't say anya 


= Chapter 7 Orci, 
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Short Questions of Exercise 


Q.7.1 Name two characteristics of simple harmonic motion 
(D.G.Khan 2005, Fsd 2005, Mtn 2006, Bwp 2007-2008 
Ans. Characteristics of SHM 
* Restoring force is directly proportional to displacement from mean position. 
* Acceleration \s directly proportional to displacement from mean position and is directed toward he 
mean position. 


ON Grwag, 
| 


| 
® Total energy of system is conserved In SHM, 
0.7.2 Does frequency depends on amplitude for harmonic oscillators? 
(Mtn 2005-2009, D.G.Khan 2005 
Ans. No, it does not depend upon amplitude of harmonic oscillator. 
Reason 
In case of simple pendulum is 


a 
2n Vf 


Uv ang | 
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(i) Effect of doubling the length 


when length becomes double, the time periog incr@ases \/2 py 
2 times . 


Explanation 

if f=20 
T= 
T. 2 af) 
T= 27 


(ii) Effect of doubling the mass — 
When mass become Goubled the time period remains same 
Explanation 

As time period of simple pendulum is indepenc 


of mass. So it does not change with mass. 


In case of mass spring system 7.6 i, ple harmonic oscillator remain constant during its motion? Is the 
f= a x : (Federal 2004, Grw 2005, Lhr 2010-2071) 
an Vm , A 4 No, it does not remain constant. 
These equations show that frequency of simple harmonic oscillator is independen of amplitude fF. Reason 


Q.7.3 Can we realize an ideal simple pendulum? ‘= Zz 
(Rwp 2005, Mir Pur 2006, Bwp 2006, Lhr 2008, Grw 200. bdaciattl 


Ans. No, we cannot realize an ideal simple pendulum. 
Reason 
ing. In 
An ideal simple pendulum consists of point mass suspended by massless and inextensible stt 


practice, it is not possible. : 
Q.7.4 What is the total distance traveled by an object moving with SHM ina sf N, 
time equal to its period, if its amplitude is A? ace | me, 
(Fsd 2006, Bwp 2007, Rwp 2008, Mir Pur 2009) i 
Ans. The total distance covered by the body is 4A. 8 
Explanation | ay = 


Time period is the time during which the vibrating body completes one. nites 


round trip. In one round trip 
Total distance covered = A+tA+A+A = 4A 


the time period of the simple pendulum if its length is doubled? 
Q.7.5 What happens to bled? 


eae (Lhr2008,Bwp2007, Rwp 2008, Mir Pur 2009, Lhr 2010,600 
od of a simple nenduan is, 


10) 


Ans. Thetime peri 


ys? 


x b sie fos Dh. tt 


The acceleration of the body executing SHM is 


a=-@' x (1) 


+ “+ 
—— qua—-x 


This shows that acceleration varies direct! 
“ero Acceleration 


_ Above equation shows that acceleration is zero at mean positioy 


zero (i.e. x = 0). 


s It define the angle bet 
fl =s 
an | 7 _ — 1 . 
: a ie oil bi Lt 
t : ; r : : E | bi ' 
al ot ae # ’ < 
il : i _— oe ee a = fe a 
tu : a 
Pare * & 
- ' 
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0.7.8 Under what conditions does the addition of two simple harmonic motions pr a ha 


which is also simple harmonic? aa explain the relation between total ener 


FRgyl EY, pot 1 | 
Ans. The addition of two simple harmonic motions produce a resultant, Which ic also KS with SHM. porential energy and kinetic energy for a body oscillating 
. Sim } | | sper Ee | ‘i 
when. Die | rhe total energy for a body oscillating wish | (Federal 2005) 
: er ee My Ans i NB WIth SHM always remaing Constant 
Conditions explanation constant, 
The two simple harmonic motions have; , Atextreme position, the whole energy is in form of PE 
1) same frequency » Atmean position, the whole energy is in form of | 
2) Same nature (i.e., mechanical waves cannot be super posed with electromagnetic Regen mean and extreme Position, total @nergy of simple harmonic oscillator i f 
3) constant phase difference Waves) | p €. and K.E. in sum o 


Q.7.9 Show that in SHM the acceleration is zero when the velocity is greatest and the velocity j 07-2 Describe some Common phenomena in which the resonance plays an important role? 
vis ieee <hr 5 ler 
the acceleration is greatest: (Lhr 2008, 1 Whe | ANS- “es en (Grw 2005-2009) 
Ans. (a) Acceleration is zero when the velocity is greatest a 5, Tuning of radio (Electrical resonance) 
| Tuning of radio is a good example of electrical resonance. We turn the knob of a radio. Itc changes the 
natural frequeneyjof electrical circdit of receiver until it becomes equal to the frequency of transmitter. 
So resonance is produced and energy absorption is maximum. Hence a station is tuned. 


Motion of the swing (Mechanical. resonance) 


in simple harmonic motion, the instantaneous velocity and acceleration can be expressed as 


At mean position (i.e. at x = 0) 


4a —— = rs 7 a A swing is a g0@0 example of mechanical resonance. We apply a periodic force on swing. When the 
r= myx —x | = w'{o) . i ae ; | | 
V w'{9) | frequency of periodic force becomes equal to the natural frequency of the swing, resonance is produced. 
V = coxy (max) | = 0 (min) | So energy absorption is maximum. Hence, the amplitude of vibration is increased 
Thus at mean position acceleration is zero when velocity in is greatest. 0.7.13 Ifa mass spring system is hung vertically and set into oscillation, why does motion eventually stop? 


ta? : ' (Mir Pur 2004-2005, Lhr 2006, Mtn 2009, Lhr 2009) 
At extreme position (i.e. at x = x,) 4-2005, Lhr 2006, Mtn 2009, Lhr 2009) 


} Ans. lt eventually stops due to damping. 
Reason 


= w*x, (max) 


| Thus at extreme position, velocity is zero when acceleration is greatest. Fa = Ets es . 
$0 in SHM when ac = 0, v is maximum - Solved Examples 
And when v= 0. ei is maximum 4 NL Pe 4 | | > : a rt : 


Petar mnaee on <> SIO, expen the equations, | ot 2005) A block weighing 4.0 kg extends a spring by 0.16m from its unstretched position. The block is 
(i) y=Asin (wt+o) (ii) a = -w* x (Fega* removed and a 0.50 kg body is hung from the same spring. If the spring is now stretched and then 


released, what is its period of vibration? 


(i) y = A Sin (wt + >) 
* Wave form of SHM Is sinusoidal Mas of the block = m) = aie 


d spr ing = X= 0.16 m 


I ifs uy = 7 
if AK 7 al 


* y= instantaneous displacement . Length of my the nite 
s A=amplitude viass of the t 

s = initial phase angle pignrs | ae 
= wt? a = phase angle he) wll a ‘ sana vl 
(ii) a= —w" x | . Sen iy. a 
Acceleration of SHM depends upon directly proportional displacement and dif acted t 


pee a; 
= jnstantaneous acceleration 
» x=instantaneous displacement 


s w= angular frequency 


F=kx 
"Se | | 
hat a a whose spri 
! ae spring, He constant is 80.9 Nm v 
mi «§ . d th ertically Supports 
an te a m2 As F= mg position. Fin e distance by which the mass must be “respar Basen of Me ke in the rest 
x may pass the mean position with a velocity of {.fms"' 0 that on being released, it 
4x98 Nata: 
k= — given 8 | ipa a 
0.16 : Spring constant = k = 80.0 Nm 
k=245 Nm” Mass = m= 1.0 kg 
Putting values in equ. (1) Velocity of mass = v= 1.0 mse 
magi. JIG: To Find: | ) 
T=2x3.14, ig Distance by which mass é§pulled = amplitude = x, 
calculation: 
i \. Ae my dee z Thus Y= Ae — As = 1 
What should be the length of a simple pendulum whose period is 1.0 second at a 


9.8 ms >? What is the frequency of such a pendulum? : 


in. “ 


= i period = T= 1.0 =}. Putting values, we get 
Acceleration due to gravity = g = 9.8 ms~ X= I. 

To Find: — 
eS x, = 1.0 x J0.0125. 


Fon LO x Gt) 


Using the formula 


T=2n/¢ 7 | MM CXe ems 


4x(3,14) 
~ 8x1 


Mass ofthe body mi =1005 = 100 o.1g 


4 | | MA 100.0g body hung on spring elongates the pring by 4.0cm.when 2 Bexined , 
| object is hung on the spring and set vibrating, its period is 0.568s =| 
ae the object pulling the spring? : =| 


used inthe spring =x=4.om=c$-20.04m 


} a a _ | ‘. a a 1 
al ae ee Oe = __? % ‘ 
2 a as" o* aa ito _ oS 
7 


rik’ be ee 


oF ek age (;) when 7M 15 allached te y the spning then 


SSS 


_ Puttine valucs, we pet 
0.04 | 
k = 24.5 Nm | | l=) ; ay in 
As the lime pernod of mass attached spring 1s 


7 . | = L, Me CK 
Squaring on both sides | k 
: 4 < | ae ; iii) Wig wir 1S] eo he a, ~_—— 


Purungayalucs, were! 
ee , = > 
Or m’ okt 


Putting values, we gel G =f) Sn/c 
+ 24.5% (0.568) | ea 
m A aa 'v,=50 ors 
4x (3.147 Srey 


m’ = 0.200 kg 7) «6An SiOke body executes SHM with amplitude Wem. The restoring force is 60N, When the 
Or mn’ = 200 gr displacement is 40cm, Find 
3 z li) period 


(ii) . Acceleration , speed , kinetic energy and potential energy when the displacement is 12 cm. 


72 A load of 15.0g elongates a spring by 2.00cm. If body of mass 294 ¢ is attached fo the springen’? 
set mito vibration wilh an amplitude of 10.0 cm, what will be its (Operiag *, ts ame 
(Hijmaaimem speed of its vibration . 

Given data: 


Amplitude = 4, =30cm=0.50m 
Load = m © 18.0gm = 0.01 Skg r Restornng force=F= 60N { 
Extension produced =x= 2.0em #0.0 : Displacement = x =30cm = 0.30m 


Mass attached to the spring = m= ee =O. kg 


: (.) Period = T=? — ; 
Amplitade = x, = 10.0cm =).10m \ iu) Acceleranon =a=7 sae Bait fay “gy 
(us)Speed =v =7 4% 
livIKE=? id 
ees - = _ F 
When the dh fispiacement, \ = Liom=O12m = 


(ii) maxmum speed = V, =<" ot mh a | . 


Te find: 
(i) Lime pened =T. i) 
(i) spring constant = k =? 


4a 


(ul) Acoording to Hooks law 
P= kx also F = w = mg 
Thaws kx = mg 


putieg 
~ ee 
3a 


= 


Now usp the formula for time perivil cl miss Sprit s' 


iF 
| Fre 
| Da. | 
VA 
Ry Tite | ‘i a i | 
Pulting values. we pe ; 
| “) + A 
V2) 


[6.28 J0.04 
1 6.28«0.2 


T 1.2 56sec 


(dp | : | Insccored | 
(ii) Acceleration: 
hb, 
a “a % Asan 
rhi 
ar ah 
( bp so —| — LY 
me) 
Pitting values, We pel 
1 
i » ())2 
5 


t (hw sev 


i: — — 


Nepatis Sophy shows that acceleration un directed tun ands the nmrcan Peisiih in 


(iii) Speed: 
Ihe speed of the body executing SEIM is given Py 


4 Wy -\ 


7 


| os 
Vm 
Putting values. we get 


0. 
V¥ (0.3) . (0) wa 


& 


fas 
v=5V/0.09-1.0) 44 
v= 5V0.07 456 


v= 1.37m/sec 


(is) KLE: 
Using the formula, for calculating K.E. 


=, ' 5 
kK [-. = — Why, 
. 


Putling values, we get 


K.E = “ ~8«¢)07F 
Kb = 4 = 1.89 


=\ \s tisk 


subjective) 


mySiCs.- XI (| 
ar * pHYS' 


—— 271 


KE = 7.56 ] 
i by k | - A i 
: yp PE he formula for b’.b. 1s 


= 
p | =" 200 TS 
Df LO) 1) 4.4 


aw Fe J] 


4 block of mass 4%E°6 dropped from a height of 0.40 m on to a spring of spring constant 
54 A block © 


_ 1960 Sm ' Pied the maximum distance through which the spring wall be compressed, 
wen data: EP 
paver stacs Ohthe blockl® m= 4kg 


Lfeayhi ee! PA 


Spring constant t= }960 NM 


To find: 
Vie num distance i 
(alculation: 


As PE =megh 
PE «4.0 « 98 = 0.80 
P.E = 31 36youles | ae 
When the block is dropped on spring, the spring will be compressed through) Maxomum dintanee 
that gravitational P.E will be converted into clastic PLE 
So —s_ gravitational P_E = elastic P.E 
rs ae 
meh watts r | 
Putting values, we get 
31.36= : «1960 * x \ 


7 _—r on = 


Calculation: 
For simple pendulum, formula for frequency is 


7.6 A block of mass I. 6 kg is attached to a spring with spring 
constant 1000 Nm’, as shown in Fig. 7.14 The spring is 
compressed through a distance of 2.0cm and the block is 
released from rest. Calculate the velocity of the block as it 
passes through the equilibrium position, x=0 if the 
surface is frictionless. 

Given data: 

Mass of block = m= 1.6 ke 


Spring constant=k= 1000 Nm™' 
Maximum displacement = x = 2cm =0.02m 


To find: 
Velocity at mean position =v Re 
Calculation: ) 
As the velocity is maximum at mean position, so 
| K 
V.=x,./— 
im 


Putting the Values. we pet 


v,= 0.02™ sr 


¥,= 0.02*25 


7.7 A car of mass 1300kg is constructed using a frame supported by four springs. Each wel ar i 


spring constant 20,000 Ny‘. If two people riding in the car have a combined mate of 160h 

the frequency of vibration of the car , when it is driven over a pot hole in the road -Assu™ 
weight is evenly distributed. as | 
Given data: ‘¢ 

Mass of the car = m, = 1300 kg 


Mass of two people =m, =160 ke 
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Total mass = m= m, +m, 
m== 1300 + 160 =1460kg 


Spring constant of each spring = k'=20,000Nm2 
Combined spring constant =k=4k'=4%20 .000=80000Nm" (Decause they are connected in parallel) 


find: | 
To fi Frequency of vibration = f=? 


Calculation: 


7.8 Find the amplitude frequency and period of an object vibration at the end of a spring, if the 
equation for its position, as a function of time, is 


x—0.25 cos| = t 


what is the displacement of the object after 2.0 s? 
Given data: . 


x=0.25005{ © 


Time =1=2sec , 
Amplitude = x, =? 


To Find: 
Frequency = f=? 
Period = T=? 
Displacement = x =? 

{aicalation: 7 


mapa nev: 


t 
ii) 
& 
i Se}. 
Jal =— (cis i= 2m) 


(dr 


ime period: 


COUN | = 


T=16 sec] 


ow Colculation of displacement when t =2sec 
Wttiny) .alue in equation (1) 


a iT | 
v=0.25cos(—)x 2 


Or v=0.25c0s(—) 
Or r=0.25c0s45" 
Oy v=0,25%0,707 


(jr y=). ] 768 
lence |v = 0). Sin, 
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Understand the terms node and anti-node. 
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WAVES 


| Learning Objectives} 


Recall the generation and propagation of waves. 

Describe the nature of motions in transverse and longitudinal waves. 
Understand and use the terms wavelength, frequency and speed of wave. 
Understand andlise the equation v = f?. 

Understand and describe Newton's formula of speed of sound. 
Derive Laplace correction in Newton's formula of speed of sound for air. | 
Derivesthe formula v =v, + 0.61. 

Recognize and describe the factors on which speed of sound in air depends. 

Explain and use the Principle of superposition. 

Understand the terms interference and beats. 

Describe the phenomena of interference and beats giving examples of sound waves. 
Understand and describe reflection of waves. 


Destribe experiments, which demonstrate stationary waves for stretched stings and vibrating air i; 
columns. 


Explain the formation of a stationary wave using graphical method. 7 


Understand and describe mode of vibration of string. 
Understand and describe Doppler’s effect and its causes. | faa. 
Recognize the applications of Doppler’s effect in radar, sonar, astronomy, satellite and radar speed 
traps. | , 
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gy hola 


ave 
WW i le jhe mehunien fij)' i! fidi hi meray fa 


’ wile ) S idineel Suet [peste ae ee red fram ane place ta 
er i Ma ‘ieee wap gi 
yaoi “] ae iy 
(pe nature of wave may be different, but the Mechanisen bydaduieh ips 
r ' Fe cf eee fer ts 


sane 


anelBy ine 
fypes of Waves 


waves § are ol (hve ée types 

i) Mechanical waves 

La waves which need a@ material mediug for their PevUPavanlon are called 
»eohanieal waves. OR 

“i waves which propagate by the oseillation of material particles are called 

mechanical wives 


| Water waves, sound WaVeS, string Waves etc. 


2) Electromagnetic waves 
the waves whichare produced dusso oscillating electric and magnetic fields and 
they! require no meditin for their propagation are called electramagnelic WdvVes 
These waves propagate due to oscillations of electric and magnetic field. 
For example 
Radio waves, light waves, micro waves, x-rays etc. 
3). Matter waves 
| The waves, in which the energy transfers in the form of kinetic energy of very 
| fast moving particles, are called mater waves or de Broglie waves. These wave: 
fast moving particles lled mater waves or de Broglie waves. These waves 
_ #e associated with particles in motion. 


associated with the motion of electron. 
5 Wns are progressive waves? Give its types. 


pe eesive Waves WT ie 


S holding the opposite “ e the r ie aie Poin 


Oe . The di stu irda 
= _ La a8 po ee 
= 


ewes which transfer energy ’y Bessie 8 en from the source of 


LG are 


Percularty 


UGE Ses COMMUNICA and 


detection systems. High 
frequency radio waves, used 
nm fadars Uavel just 2 lew 
Ccentimelers in water, 


whereat 


highly directional beams of 
ultrasonic Waves can be made 


to travel many mlometers 


Riactio WaweS are 
electromagnetxk wavei and 
ultrasonic waves are mechanical 
 weves. The mechanical waves 
[ultrasoni waves) can produce 
| disturbance in matter and 
| therefore, can travel for long 
distance through matter (water) 
without anny loss in sien he 
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(i) Transverse waves (ii) Longitudinal waves 
Transverse Waves 

The waves, in which particles of the medium are displaced perpendicular to the 
direction of propagation of waves are called as transverse waves. 

Take a loose spring coil (slinky spring) for illustration of motion of source ir 
generating waves in a medium. Slinky is the soft spring which has smell inifig! 
lenwth but relatively large extended figure. Consider a horizontal spring system 
with its one end fixed. When the free end is moved from side to side, a pulse of 
wave having a displacement pattern as shown in figure, which will move along 
the spring. This shows that displacement of particles is perpendicular to the 
direction of propagation of wave, hence transverse waves are produced. 
Longitudinal Waves (Compressional waves) 

The waves, in which particles of the medium are displaced along the direction 
of propagation of the waves, are called as longitudinal waves. 

If one end of the spring is moved back and forth, along the direction of the 
spring. Then the waves are produced in which displacement of the spring is along 
to the direction of propagation of wave and such waves are called longitudinal 
waves, as shown in figure. 

Note 

(Why, sound waves in air are longitudinal in nature?) 

Both types of waves can be set up in solids. In fluids. however, transverse waves 
die out very quickly and usually cannot be produced at all. That is why; sound 
waves In air are longitudinal in nature. 


What are periodic waves? Also discuss its different types? 


Periodic Waves 
The waves which are produced by continuous and rhythmic disturbances in a 
medium are called periodic waves, 

These may be transverse or longitudinal in nature. A food example of periodic 
waves is an oscillating mass-spring system which executes SHM. 

Transverse Periodic Waves 

The periodic waves in which the displacement of particles of (medium is 
perpendicular to the direction of motion of waves are called transverse periodic 
Waves. 

Experiment 

Let us consider a mass-spring system which can vibrate vertically as shown in 
figure. A long string of uniform thickness is stretched horizontally and its one end 
is attached with the oscillating mass m. Due te oscillation of mass spring system 
a transverse wave is produced in the string. 

The wave appears to be traveling on the spring, fram its one end to the other. In 
this case each part of string vibrates at right angle to the length of stretched 
string. The crest and troughs are Being replace@ by one another periodically and 
waves appear to be traveling. 


Transverse Waves 


<- 


= Chapte, B 


Longitug; = 


IT eeL |) cB 


I 
e 


Ng 
"iy 


‘ ty 


thy 


<cholar’s PHYSICS Al (Subjective) 


crest sete eee 
The porter af the wave above the mean level S Called as er “i 
Fn. wave below iis, . 
| rhe portion | the wave below its mean level js called as lrough 
Ee 


amplitude | | 

the amplitude is the maximum displacement of point in’ Crest Gra 
the string. 

wave Length 

The distance benween (wo conseculive crests or hve CONSCOMIVE troughs is known 
as wave length. Wis denoted by). : 


' Through 


trough of 


| Amplitude “7 


time Period TNE 
| the time for which the wave travels a distance of Wave length is called time 
period. The time period of wave js equal to\be the time period of the oscillator \ ye ty 
| which produces it. ‘ 
Speed of Wave —* Be Se 
| When a wave progresses, each particle inthe medium performs SHM. The time if ave 
) | that the crest requires to moves.a distance, of one wave length is equal to the : Mo" 
) | time required for a point inthe medium to go trough one complete oscillation. If |f = 


| ‘be the speed of wave, then 
Distance covered 

Interval of time 
vV=A/T 


v= 


el 
veA(— 
) 


Or v= fi [= =f] 


Where fis the frequency of the wave which is same as the frequency of oscillator 
| [crest or trough) which produce it. 
Wave Profile 
_ Relation between path difference and phase differen 
Consider the snapshot of the periodic waves moving through the medium. As 


ey distance x from the reference point then phase difference can be de: 
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Wo ee P . a 


Jown are always in the same state of 
sement and velocities). There are many 
hich are vibrating in phase. The points 
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Longitudinal Periodic Waves i 2 fe 


e (iat of modulus of elastien , 


The periodic waves in which parti les of the medium vibrate along the directing 
‘6 Aepyerngtingn 
af motion of waves are called longitudinal periodic waves or compressional 


raininate Me S250 pape co | r 
periodic waves, . no tas af the air during o : i ss ~~ ioe? char ce ——— enipnigoon p> 
Experiment ms change] a 7 Po Sani ! 
To explain longitudinal periodic waves, we take an example of a spring 0 rm © CONTIN Soeezs2+*~*~” 
which is suspended by the help of threads, Longitudinal wave is produced ‘ when the PressUre Wel Gene: NOM P19 P+ AP Bien the Wiens Ao. > oo caps eu 
in this spring by applying horizontally varying force at one end of the yep V- AV. Accoroing to Doyle s Lan = — : va 
spring. This force produces compressions and rarefaction in the spring as ? ag a a 133 say = 
shown in the figure. RR :. oy = PV - PAY E td wis . '———*S F meat —_ a8 
In this case the various parts of the spring vibrate along the length of the spring ae pedal =e | Pi | en MEM product APY can ibe anee-a 505 

ie 5 neglected. Hence aDOve Egvstion Getornes Caetieon dices 1 


(or along the direction of motion of wave). When spring was undisturbed then al| _ Pv PV —- PAY +e sie onpe 


the suspension threads were vertical. But when the longitudinal wave is OR o==PAV + VAP = a2 
produced in the spring then these suspension threads are displaced. Their : PAV = VAP ene 


displacement Is same as the displacement of corresponding parts of the spring. VAP 
The graph of displacement of various parts of spring and corresponding values of ig \ “AV 


the distances of these various parts of spring, from its one end is shown in the } AP AP 


vi Olumetric cirese 


ficure + OR P= ——_— lwhere = —— Fr Values of constam 
impure. fa’ 7 j ay in  . - a | ee ——— 
, | — 4vV/% volumetric strain Types of Gas 


Q.3. What are the factors on which the speed of sound depends upon? What ) OR as | Monostomre 
was Newton's formula for the speed of sound? What was drawback in | So equation (1) becomes Piamati a 
_ it, how it was corrected by Laplace? ) iis : | ete —— 


Speed of Sound in Air > “] cl p=1.29 kg/m? 
Sound waves are longitudinal waves and their speed depends upon . 
®* compressibility (i.e. elasticity ) of the medium 
® inertia (i.e. density) of the medium. : 


Vv = 280m/sec 


if E be the modules of elasticity (reciprocal of compressibility) and p be. the, © | The experimental value of seed of sound is 332m/se 
density of the medium, then the speed v.can be expressed as, t value. 
ASF ta Si. my a ee ameression the temperature of air does not remain 
Ye he eet ‘pal adiabatic change. ; 
Speed of sound in solids is much greater than in gases | —  E 8Place Correctic . 
Reason oh wu, i si 


Since molecules are closer in solids than in the gases, so they respond m 
- quickly to a disturbance. SS a 
in other words, so the speed of sound in gases is smalier than in solids because” 
the gases are more compressible and thus neve Eales modulus of elasticity. 
Newton’s formula for the speed of sound 
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If V, is the volume of gas at o° C and V, is the volume at tC. Then 
Vi=Vo [1+ [st] 
Where {} is the coefficient of volume expansion. For all gases, its value js 


For Your Information 


—— ; “=, : VWinwea | 
about . superposition Pp rinciple 7 
-j F a ha _ r P 
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Ifa pa rticle of medion ts simultaneously acted upon bY @ thonber of waves then 
he pesultant displacement of the partich® Wophe algebraie yum of their 


individual displacements, This is called Superposition pri N ciple 


jet the displacement of the individualwrawes he Vu Vor Vas O& Vn, ysl att Realy 


it Incl ft | SURerposiion of two waves of (he gerne 
Then by super position principle the resultant displacement be ia “ 


Tretweewicy which oe Anmcthy ire phe 
Y= Vit Vat Va . ¥, 


As VY = = and Vv a [p=—] 
m_my|,,_! two waves coming from Opposite dir F cori 
So — = —| | + — | 4 consider the two Waves C Abe 6 ror mo! € direction through a coll of spring, 


p I 4) : Famten ni ino anesdotn . f time of overlapping, the displacements of waves are added Up as shown in figure 
OR —=|+— (4 | a. - 


0 a wie happens when a jet sane ty. | (c). After having mse \ wey nant adopt their Original shapes and 
“tl | Loncorde Mes faster than the <u, | Ve their moto oOnetne serine in if respective diractinne ac : ° 
“ai aster than the apeed continue their mMotiOan along the spring in their respective directions as shown in Adda} andl Guid acca otk 


| A Conical surface of concentrated woud | figure (d). Wecan study three important cases of super-position principle. 4. dunsnsonaa wave 
energy sweeps over the ground yy : ra | ‘position principle ¥ed 
supersonic plane passes overhead, nb Cases of superpos' | P p SUMO i Pomc of hve wived of [he aarne 


. fi | : . , fi icy which ao eaweciy owl of oh}aasn 
known as sonic boom (i) When two Waves having same frequency and traveling in the aS oe ae ee 
CAPLANATION: : re 


There:-are, many: Walances WLC same direction produce the phenomenon of interference. 
pect pened hep prepa ga ii)’ When two waves of slightly different frequencies and traveling 
rreater than (he spe Of Ue Wivt inl . 
sa . | | in the same direction produce beats. 
: mee eed on ain | lil} When two waves of same frequency traveling in opposite 
| | ee gt apex. Jet. airplanes, missiles ind rocket direction produce stationary waves. 
Where 273 + t°C = T = Absolute temperature corresponding tot C | moving with speed greater thay tlie weed | J = : = ——— : — aa. 
2 + O°C = T, = Absolute temperature corresponding to o'C | of sound! Gropagate Shockwave int) | Q6 What is interference? Describe its types. Also write doWn the 
ANG) 27320 25 te ™ Cee 4 | ; ae behind them, producing 2% eee } conditions for constructive and destructive interference. 
Thus, the speed of sound varies directly as the square root of absolute fongitudinal WH | , . — 
temperature. 


Speed of sound in air at t°C 


t'C +273 
C+273 


shock waves. ‘The sound waves bret Interference : 
by pieplanes travel out in all directions 


‘ietet| | When two identical waves meet each other in a medium Um) 2 _F— 
econ Moen. ereuuded togernerauine eS | el ) identical waves meet eacn other t eatin ~~ Peace | 
+> , OS «| | then at some points they reinforce the effect of each other \ Power amplifie 
and at some points they cancel the effect of each other. 

MS phenomenon is called interference. 


As —= a 
save a 
leave 3 


TA 4 waves behind 
vi t f- shaped trail of pes ype a hol 
Or —=||1+ cone-shaped wavefront Pm 
¥ é 
” 


cau 
“nyt 2 pri 


By using the Binomial expansion and neglecting square and higher arincresse 2 ‘ about goer | 
powers, we have jocrease P| 


, » i ins 2 l= 
fal i = he are ee a =’ ye ! i 
i f f= ¥ : ra | J y _ a 4 ' 4 i 1 Na) hi 7 : oat a é 
ric "eueresktleiea b “i a F 
See i] aa oh a “a an Se  . a: 
; | a |e . ena » A, Te ae. 7 = —— ‘ss Aah Al wi... 
J 1 : | os = a os " _ ! —_— = = 
os | eo ei ‘vm or _ ho be ~ 1) = 7 ‘ 7 — _ r = 
i . rnool © | ig “ag, 
meee bl ee oe | eis - Rr = wa ve — - 
F | ‘ i | ‘ I Ww ae! at mF A : hi but Bi Ltd " ry * 
| F d 4 y ] = | wee: Mf F . : 
; A . | : |) oe eo 5 idl ‘ ‘ a 
| | . P = i | : t — ‘ 2 a hing — ll 
“4 : ' wa be ; eee I re ed [Lg aAl V | at 
Se oT iy Oo : ras 1 Fe hail P : 
a i i : i Be ie 
$ a e424 i 
' as Sap * aie a. wll i j . 
= "y jp ia = = Ta r i ti 
i Sok Pe z F f ea = a 
= “= ’ 4 a 
fai a; -* ball ‘ bs p! a Lt | 


So v, =% +2! 


ra 


V, =o os [AS Vo = 332 m/ sec] 


Or Vi= Vo +0.61t ie a eas 
This equation shows that with wien a 5 rise in femp: 
iia eased by approxtmarery 


speed of sound is incr 7 sea oee, (or 61 cra/sec 


oy are two types of interference 
= ” constructive interference 
. Destructive interference 
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, ‘dagapeneget interference wi 


nit the path difference is odd integral multiph of al af wavelength, th 
' ; v 


ments of two waves Cancel the effect o soe ee | 
me uf fe each On ‘ eld ue fect is called 
erjere nee : 7 


ere ™ A P= 
AS=(2n+1)— where n=@/+14 2m 


Pe ‘a : 
1 @ a 
“Ta }, 
' A 
Rye D 
a 7 


PX | i 


“What are beats? Explain: ey 
_ graphically? Also ms . pep somey 


ati f: 
| in figure. It consists 9 
erimental arrangement shown ¥ d waves 
consider > ae Caines: antl for the production of harmowes sou 
of fixed frequency. 
An ne erator. 


= (n + ; )A 


NG the" hi eip of example as well as 
uses of beats? 


an, 


(CRO) is attached to microphone $0 see the ? | a7 


-catl tho de ray oscilloscope (LP 
ir . tsignal wave-form. ca ee eee 
onstructive ence ie i ae 
The mics >t ane at various points in front of loud speakers, as shown apes — 
n fig ess Py Ps and P;, a large signal is seen on CRO, as shown in fig. At theses: meee slightly different frequencies, traveling in the same 
oints com press ion “meets with eee and eetergcuon: Meets. with — #2 fee 5s Ae aL drection overt other Hen there fe a periodic variation n of sound between 
a pay tare ae aS -». | mavimun and minimus 7 a idness called beats. 
pees i tuni forks A and B of same frequency say 32Hz are sounded (c) 
en they will produce pure notes. But when they are sounded 
ther it is difficult to differentiate the notes. The sound waves of 
¥e SuUperposed on each other and will be heard by the human ear as | "Resulent 
2 no ates. if the frequency of tuning fork B is lowered slig tly by loading 
me wax, sayitbecomes30Hz. : 
ndit 1structive interference __ pees === f'A and 8 sounded SE ae 
Whenever path di aes is an integral multiple of wave ter ng h; dis) la FY ns Gf. — =e eS Pidgin ing: ssa oe we het rly a Bags both ceatlls tat 
tito waves are added 5 i This ¢ effect: as eae: <e a5 sis Mie cH es nter ferer -e. — it Eg sae aah — = y hi mt r aren nce be ween cre hss “0 was d wa aver. s fro oma nA ana 6 as snov 


(a) 


(b) 


Formation of Beats 


= t =e ape oe eS Sees sah 
' =" . a i 
: Pee a cay _ : ria 


ir | 


JEX, eat yee. 
' ih wi 


a ee = 
a 
= 


= on CRO, os shown | in ta: At t iss 


th rarefac Honapd ve ‘cancel the effec t of ¢ eac hot ‘her, so” 
| mes zero..We can calcul: pa ath giference 


2 ee i oe 


ae ee 


Tae amg bn 4 of weve from fae boasdar of 2 mercies i Calied reflection 


> — = = — 
_ a 
= = a = 


° 
di 


wer 3 eae® Groce «- oS —efaom (Yawk TO "4 OOu 
oS Tess. ve" 2 <2 t FPSO weave G re* “eTted trom tte Sounds, 


= 


= : — ; =—é = a» = ». ae = © + _ aa 
Tex pe@ected cart *as same frequescy and wavelergi® 25 (he modent ware "o 


or through & produced on @ Mf traves on bie @Hen two waves superpose to each other, we want to find out the 
= 2 eo =" ™ “” co 4 cre = i } = — = = a 8 ‘Sae = & ia =e oe - = 


Pro si at 
| A towards the end B On reacting at enc 5 sprirg exerts sents of the points 1.2,3.4.5.6 and 7 shown in fig. (t clear that points |. 
corm from ss exc A tow | On reactomg at enc & sorirg —e 
i ° ts aroeiuce ciemllar motion ie 1 But the ned body has 123 etc are at 2 distance 4/4 apart from each other. The resultant | 
‘_é - << “=< Paes - at = gt 9, a x = = _ = = = | | : r dened i «; — * = 
"30 Geccty $O E euerts €QU] aoc Cpoposte "taco" on the Sorin. Vue (Oo wre scene Se in eel 
~—est & COmwerted into trowgh and (t trawe! back fromm enc 5 to A 


tare at all the instants. | 
—— tm -< | 
2 ae i enc = =* oe z a} oe “~Z is “+-- 2 <p crr a. ars ice, ‘. = = ’ ss Se |¢) shows the e« it =¢ : :- = of points 2, 4 and 6 at instant t= 0, T/4, — 
= — = = = ed =— dl -— aa i =.§ | | | 
bo betore Then ging a sudden jert to end A, a crest S procucec whe ae Wz, 31/4 and T. These points move with maximum from mean | 
ae — he 
am tee corms from is end A to end 8 When the crest procucec "tm “a5 BOWHONS. 
a ‘ weer an not ove reactions he Properties of . ary wa 
neumiory of string Then string being rare Medan, Co Not Hive Tein of stati weves 
= = — = fed » = = P aS — <a an 
snes. So Tat 2 Crest GS reveciec Oett 2 a crest on the some Ta ee © “eS L There are points of medium in stationary waves which 
= 
ato displacement are COREE EEE er 
. 2. The points be 0 SCL een 
——_ VSS Seon ar in 
<= transverse wave traveling = 2 rarer medum™ Ss Hace™ OM Bcense y waves wot © ma ximinre 


ipath ditterence of 1/2! - 53 > 
Ma parswerse wave a wel in 3 cence a od aticrencsl 
nangéiv phase. (qoipath difference) 


* Commonly the standing waves are produced due to superposition of a 
wave traveling down a string with its reflection traveling in opposite 


direction. 
Nodes 

The points of zero displacement on stationary waves are called node. 
Antinodes 


The points of maximum 
Q.10 ~ Show that frequencies of stationary waves in a stretched string are 
quantized. OR 
Prove that for stationary waves in a stretched string f,=n f, 


Stationary Waves in Stretched String 

Let us consider a string of length @. It is stretched and is clamped at its two ends. 
The tension in the string is denoted by F. 

When the string is plucked and then released, two waves are generated which 
moves in opposite directions along the string. Both of these are reflected back 
from the clamped ends of string with opposite phase to generate stationary 
waves on the string. 

As the two ends are clamped with rigid supports, so these do not vibrate and we 
get nodes at these ends. 

Speed of waves on string 

The speed of wave depends upon tension F in the string and mass per unit length 
m (i.e. thickness and nature of wire). 


<V=,/—. 
im 


First mode of vibration 
When the string is plucked at the middle of its length then the string vibrates in a 
single loop as shown in figure. Such a mode is called fundamental mode of 


(1) 


isplacement on stationary waves are called antinodes. 
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cond Mode of Vibration 

ato two loops as shown in figure, jf An 

“quency of vibration in this mode, then 

requ 


OF its length then the string vibrates 
be the Wave l@neth and f, be the 


A... A. 
.=— + =p: 
7 , 


C=, 
OR 

ar 
OR ha= f 


Thus, speed of wave vis 
vVv=f,A, 
‘, =i 


OR 4 


Putting valu e of A 1, WE Fet 


or 
oF 


50 = 2 


Thus when the string vibrates in two loops, its frequency is double than when it 
| vibrates in one loop. f, is called second harmonic. 
| Third mode of vibration : 
] When the string is plucked from one sixth (1/6) of its length then the string 


—) | vibrates into three loops as shown in figures If A, be the wave length and f, be 
= 


vibration. | eee ees Sais We the frequency of vibration in this mode, then ' 
a (== Rsk Sok 
Distance between two consecutive nodes => : = = + ate 
if 2, be the wave length and f, be the frequency of vibration in this mode, then E 32, 
(= By ) =, 8 
Z " 
X, =2€ (2) 
Thus, speed of wave v is 
VethA, 
. a 
OR f,= — \ 
putting value of A,, we get oat 
> an | ~ Wh 
hz = (3) 
putting value of v from equation (1) in equation (3), we get ; 


| [F 
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The frequency f;, is called third harmonic. 1) 58 293 
it ee of “pein. | todes ¢ of vibrations in organ pipe open at both ends 
string vibrates in n loops then, an organ pipe of ler 
K p ‘ | r at us consider KE p ft) eth P which j iS oper 1 both ends. As at the Aneh a , gal) : | : b 
Nye n( v |. G | nplete freedom of motion so it acts as antinade. eS MTS SET SOE, SF TARTS? DAYS 
n= ta 1 : 
f | waves set up inside, the pipe h 
‘st | ong d amplitude variations si ave DEEhepresetited by transverse curves which represent the 
And wavelength is | sisplacemen" an P ariations of air at various punts 
, Lf : ental Mode of Vibration 
he = where Ee RIDER Deities Sol here is only one node at th 
n in this case the e Middle of the p/pe. As both ends of pipe are open, 50 there are two 


inodes at both the ends. If A is the Wavelength of soune | 


Pena GA) 
f =—-+4 


So the stationary wave have a discrete set of frequencies f,, 2f,, 3f,, ........ nf, 


at 
which is known as harmonic series. The frequency f, is known as fundamental — 


frequency, and the other are called over tones. For COR, 4 4 

wal , | | 4 OrMatlon h, 3 + 
Note ‘ = | Ws OI ——*—__- 
The stationary waves can be set up in the string only with the frequencies ot ; ine 
harmonic series determined by the tension, length and mass per unit length of Or Da = 20 (a) Laas 


the string. Waves not in harmonic series are quickly damped out. iff, is the frequeneyof sound, thenthe velocity of sound is 


v=, 


0.11 How canwe change the frequency of string on a musical Instrument? OR i= “ 
=i P . , _ — _ —— , : = Ai, 


| pitting value of Ay, we get 


The frequency of a string on a musical instrument can be changed either by f. Fel 
varying the tension in string and length of string. 20 


This frequency is called fundamental frequency or first harmonic 
Second mode of vibration: 

| inthis case, there are three antinodes and two nodes, 

} |, is the wavelength of sound then 


For example 


The tension in guitar and violin strings is varied by tightening the pegs on the 
neck of the instrument. Once the Instrurnent is tuned, the musicians vary the 
frequency by moving their fingers along the neck. By doing so the change the 


| ae ie % ’ f Ay Aa Ay 

length of the vibrating portion of the string, a i aM 

0.12 Find the frequencies produced in organ pipe when it Is (- (! +2+ th 
(i) Open at both ends ae” 1 Ba 
(li) Closed at one end a he A, =e 


7 Wy is the frequency of sound, then speed becomes, 


Ke ) ins | v=fsr =" 
Stationary Waves in Air Column er | j Mi al 2 v 
Stationary waves can be set up in air colurnn inside a pipe or tube. Accommon | be in the form © Ce Bee el = a hs . — ” v Be ~ 2 i. 
example of vibrating air column is an organ pipe. imps pen Hog | | Putt a ae : 

Er: lee oi cn 


An organ pipe is a wind Instrument in which sound Is produced, due to setting up 
of stationary waves in alr column, 

it consists of a hollow long tube with both ends open or with one end open and | 
the other closed, There are two types of organ pipes 

(i) Open Organ pipe: It |s that organ pipe whose both ends are open. 
(ii) Closed organ pipe: It is that organ pipe whose one end is closed. 
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Third mode of vibration 
For three loops, there are four antinodes and three nodes. If as, 
wavelength of sound, then length of the pipe is 


So the speed becomes, 


vef,A, 


f, = 3f, 


The frequency f, is called third harmonic. 
nth mode of vibration 
if air column vibrates inn loops then, 


v 
f,, = n{ = 
ig 


Vv, 
[since — =f, | 
7/ | 


zm * 


=nf, 


And wavelength ts 


<p 

= Af 

An = — where nN = 1,2,3,4,5 «.----8 
| 


So the longitudinal stationary waves have a discrete set of frequencies f,, 2h, 3% 
... nf,, which is known as harmonic series. The frequency f, is. known as 

fundamental frequency, and the other are called over tones. 

Modes of vibration in organ pipe closed at one end 

Let us consider an organ pipe of length ¢ which is closed at one end) Then at the 

closed end we get node while at the open end we get anti node. 

Fundamental mode of vibration: > 

Fundamental mode of vibration has one node and one antinode. If 2, is the 

wavelength of fundamental mode, then length of the pipe is. 
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the speed becomes, 
59 Se 
Or f,=v/2. 


——— 


fi = =v/al 


the frequency fy f, is called To fundamental frequency 
second Mode of vibration 


second mode of vibration contains two nodes 


As A, = Al 


anG two anti-nodes |f his the 


wavelength, then length of the pip Is 
Se 
f=—+— 
. + Ja 
(=| 47 
W Je 
| IAQ 
= | 
4 
4f 
OR i. = 3 
if f, is the frequency of sound, then speed becomes, 
¥V-f,A, 
v 
} OR fy=- 
Poy 
Putting value of A,, we get 
Vv 
> 4 | 
# 
or f,= av 
: 4 
a 
7 : wy 
7 a f,= 3(— 
FIs ft 


hag is Called second harmonic or first overtone. 
Be of vibration: E 


Wa i na, of pi eeation contains Bil nodes and hree anti: 


. , i 
‘a 3 1 ’ Pie i 
= i ae | . 


f= Vila) f= lal 
(b) 


V/ 
OR oe 
he 
Putting value of Ax, we get 
V 
_— 
| 4t 
SV 
OF _o— 
yal 
v 
=) f<=S(—] 
5 | ry. 
— yo. 
50 f= sf, [since ry a 


Which is the frequency of third harmonic or second overtone 
nth mode of vibration 
if air column vibrates in n loops then, 


Vv 
f,@ani - 


fh = mn I, 
And wavelength Is 
Af 


An®- where n = 1,3.5,7, 
n 
Conciusion 
By studying the both these cases, we conclude that the pipe which & open al 
both ends is richer in_ harmonics. 


Q.13 What is Doppler Effect? Discuss Its different cases. ¢ 
Doppler Effect 


The apparent change in the frequency (or pitch) of waves due to the relative 
motion between the source and observer is called Doppler's Effect. 

Note 

This effect was first observed by John Doppler while he Wasebserving te 
frequency of light emitted from a star. In some cases the frequency of emitted 
light was found to be slightly different from that emitted from a similar source 
on the Earth. He found that the change of frequency of light depends upon 
motion of star relative to Earth. 


Example | 
) The pitch of whistle of 4h engine coming towards the platfor n 
appears to become higher to an observer standing on the 
platform 
2) The pitch of whistle of an engine going away from the platform 
appears to become lower te an observe standing on the platform 
Different cases : 


Consider a source of sound S at rest emits sound waves ha\ 


epeed of the sound foras rver is v. Ther 


| for this long 
ques. see On 
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rhe numb 


Ler obser 


_ Wives received by observer in one second is 


(Subjective) 


er of waves received by observer j- 
9ETVer In One seca 
nd Is 


1 


Sher ee, ) 


SS 


case | 


when observer moves towards stationary source] 
er Amoves towards the source with Welocity u.. Then 
relative velocity of (ne WaVes and the OOserver = ; : 


rhe | ah »~ o 
Now, the number of waves received byebServer in one Second c 
i * Ll | 
F = | = | 
| AS 
| 1 
i. | Te 
y = * (USINg equation 1} 
S A 
Su 
A = (2} 
' ‘s | 
i¥+u 
| of | > 4 $0 
. ¥ wr 
— f. = f 
Result 
Thus. the eoparent frequency of sound heard by the observer will increase. 
Case Il 


(Observer moves away from the stationary source] 
let observer B movers away from the source with velocity up, then 
The relative velocity of the sound and observer = v - Up. Thus, the number of — 


fa2| "| 


{Using equation 1) oe UD Ce eee twit fog 
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Bi ad and temperature 
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measured to calculate the speed of star w 


- condition {or CONnTirUctive 
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Blue shift 
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The frequency of Wu emitted by the tta 1 7. Weverenre' Vv stationary waves of tring 
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| Ve em ery oF stationary weaves rs , | | 
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which is called red shift wl oe 2 ———— 
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| | waves OF tring i vth mode) 


fowara . the lange Pr owalva lenginh ie towards tra ' - 
where n= 1, 2, 3,4, -~ 


= el a == ee 


As astronomers have also discovered that al) thw . 8 ’ ’ b are] Oy me 
' ae A 


| _ Frequency of longitudinal 
lx /ttationary waves Im Organ pepe 
| gods at both ends (nth mode) | 


| . Wave length of longitudinal 
| A tationary waves in organ pipe 
Open ends (nth mode] 


their red shifts, they have estimated their speed | 
I, en fy 


where n= 1, 2, 3, 4,--~ 


(v) Speed of Car 
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Doppler’s chift is observed, Ay which speed of car ulated. he de Os ed | , sc > eee 
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—o- = ed = —_s- 


Relation between velocity, 
frequency and wavelength of 


Relation between frequency 
and time period 
Relation between phase 
difference and path difference 


Speed of sound 


| | Boyle's law for isothermal 
process — 


Newton's formula for speed 


Boyle's iaw for adiabatic 
process 
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Ans. 


Q.8.3 


Q,6.4 


Loudest Note 
in fig. (d), the amplitude is maximum, so loudness is maximum for this case. 
Maximum Frequency 


in fig (b), the number of waves is maximum, so frequency is maximum in this case. 


is it possible for two identical waves travelling in the same direction along a string to give rise ina 
stationary waves? 
(Mtn 2003-2004, D.G.Khan 2005, Lhr 2006, Fsd 2005-2008, Rwp 2006, Grw 2008-2009-2010) 
No, it is not possible. 
Reason 


Stationary waves are produced only when two identical waves traveling in opposi' 
same String superpose. 


te direction along the 


A wave Is produced along a stretched string but some of its particles permanently show zero 
displacernent. What type of wave is it? 
These are stationg 


f Waves. 
Reason” 


Only in stationary waves some points of the medium permanently show zero GISpiscenme’ 
nodes and. some points show maximum displacement called ontinodes. 


Explain the terms crest and trough, node and antinode? q 
(Mitt 2003-2004-2009, Fad 2005, Rwp 2006, Bwp @ 


Crest Crest 
The portion of transverse wave above the equilibrium position 's We yc 
called trovgn 

Trough 


The portion of transverse wave_bele 
called trougn. 


w the equilibrium position Is 


Node 
The points of zero displacement on stationary waves are called 
Antinode 


The points of moximy 
called antinodes_. 


On stationary waves are 
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+ 5 sound travel faster j oy 
: 186 why does $ ravel faster IN SOlids than 


(Lhr 2004, Bwp 2009, Fsd 2008, on : 
12008-2004) | 


Explanation 
The speed of sound is given by _ 


(Subjective) 


re eal in gases? 
mtn 2006, Sad 2003-2005, Fsd 2006-2008, Rwe ache a ty 
sound travels faster in solids than in ot 8 ¥ 2003-2004. 
Reason. 
speed of sound is given by: 


D.G,Khan 2005, Mir Pur 2004, Bwp 2006) 


where E Is the modulus of elasticity and P is the density of medium. Although the density of solid is 


greater 35 compared to gases BUt modilus of elasticity for solids is much greater as compared to 
gases. 90 


Hence, sound travel faster in solids than in gases. 


How are beats uselulin tuning musical instruments? 

(D.G.Khan 2005-2006, Rwp 2005, Bwp 2006-2008, Lhr 2006- 2010-2011,Grw2011) 
Tuning of musical instruments 
in order.to tune a musical instrument, 
ssund the imstrurment against a note of known frequency. if the two frequencies do not match, beats 
will Be produced. Adjust the frequency of the untuned instrument by tightening or loosening the 
string. When no beats are heard, the instrument Is said to be tuned. 
When two notes of frequencies fand f, are sounded together, beats are formed. If f, > f, 
what will be the frequency of beats? 


(a) fitfr (b) Alfit fh) - 
(c) fy fe (d) (fi f) 


Since beat frequency is the equal to the difference of individual interfering frequencies - 

Beat frequency is f, — fh. — bi 
As a result of distant explosion, an observer senses @ ground t 
Explain the time difference? : 


E 
j 1. ' = 
Ls _ 
a Bd \ re ' 
; a. ; 
i 
— © 
; 
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Since gases expand on heating. So the density of warm air decreases. Hence, accordin 
equation, the speed of sound will be greater in warm air than in the cold air. AB to abo. 
0.8.11 How should a sound source move with respect to an observer so that the frequency of Its soung 
does not change? , 
| . | (Bwp 2007, Rw ) 
Ans. If the relative velocity between the source and the observer is_ zero, there will be no change in 
frequency of sound. | : 
Examples 
= When the observer is at origin and sound source moves along the circumference of the circle then thet 
distance remain the same and the frequency of sound does not change. 
= Source and observer are moving in same direction with same velocity. 


Solved Examples 


l.aample &.1 
Find the temperature at which the velocity of sound in air is two times its velocity at 10°C. 

Given Data: 

Temperature = Ty = 10°C = 10+ 273 = 283K 

Velocity of sound at 283K = v243 = Vo 

Velocity of sound at T= 

As velocity of sound is two times its velocity at 283 K 

Therefore 

Vi = 2Vo = 2283 

To Find: 

Temperature = | =? 
Calculation: 

Using. the formula 


v, Wy 
Vo I, 


T= 283 x4 
Te 1132K id 


T = 1132-273 = 859C® 


Be runing fork A prod 
A tuning fork “ produces 4 beats per second with@wan ee ie 
g with some wax, the beat frequency | cond with another funing fork B. It is found that by loading 
‘od sere am Cs eee 7 increases to'@ heats per second. If the frequency of A is 320 

Hz, determine the frequency of B when loaded |. e frequency of A is 52t 
Given Data: 
| Frequency of tuning fork A= Eten 20) He 
Number hi per second before leading = n = 4 
Number of beats per second after loading & n'= 6 
To Find: wae 

Frequency of tuningyfork B after |@ading = f, = 9 

Calculation: 
Case 1: Before loadings 

As fx —Tp = to 

or fp 7” Pa nn 

Putting values, we gel 

fa S320 44 
fh = 424 Hz or 316 Hz 

By loading B, ifs frequency will decrease. If 324 Hz is the original frequency, the beat frequency wil 

reduce. Onethe other hand, if it is 316 Hz, the beat frequency will increase which ts the case. 

So. the original frequency of B is 316 Hz. 
Case 2: After.Loading: 


f, -f,=n' 
or f,, =fx-n' , 
f,,= 320-6 | 
f. =314 Hz 
Thus f, when loaded is 314 Hz 


A steel wire hangs vertically from a fixed point, supporting ay ig ) 
diameter of the wire is 0.50 mm and its leng th from the fixec poin tal 
the fundamental frequency emitted by the wire w ke 

(Density of steel wire = 7.8 «10° kgm”) 


q 
Welgnl = = a?) ; 
. ’ ; » all i be ~—_ 7 a ae n) a mt ide 
] yin rr; ar = ff Le 


= | 
> a eel oe Pres = 

a 7 a J = a i ; / 
. i | BE. il ; . i. ; : ; 

1 t ic - ll - -. - ’ 

- me . 
i j 
‘ r 
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Calculation: 
As formula for fundamental frequency ts 
f LiF (1) fculation: 
eg ewe re ecees of | alcu 
2! Vm ws When Pipe is open at both ends, 
Where m 15 the Mass per unit length of the string. “ Using the formula. 
So first we have to calculate the value of m. e = nv 
yume of the wire = Length x Area of cross section of wire. ' 2E 
slume of the wire = { x xr For fundamental frequency, n =| 
fy 


fj= - 

Mass of the wire = volume ~ density . 2f 
, 7 V 

M= / x ar xp _ 


Second harmonic = f, =? 


th of the string = m= M = fxmr* xp | Putting values 
e : . » 340 
m= np ors 
Putting values, we get i] : f,=170 Hz 
m = 3.14 x (0.25 x 10°) x 7.8 x 10° ee ne oe 
m = 1.53 x 10° kg m™ A a \ 170 
Putting values in equ. (1), we get aa f, = 340 Hz 
#0 For second harmonic n = 3 
fy = 3f, 


pe Vier 3 
2%1.5 1.5310 : f,=3x 170 
f; = 510 Hz 
(b) When Pipe is open at one end 
: Using the formula 


sample | 
A pipe has a length of Im. Determine the frequencies of the fundamental a ar 
harmonics (a) if the pipe is open a both ends and (b) if the pipe is closed at one end. 3 = es nna, NG; ‘ £) ‘an ss cal : sty pe “tae 


and the first two 


(Speed of sound in air = 340 ms’) 
Given Data: 
Length of Pipe = £ = 1m 
Speed of sound = v = 340m 
To Find: 
(4) 


“ad 


If the Pipe is open at both ends. 


(b) 


- See 
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A train is approaching a station at 90kmh— ' sounding a whistle of fr. GUEREY 1099 | | d a 
the apparent frequency of the whistle as heard by 4 listener sitting om yp, x. Wy ) | cakulato® 
J Platform» “ ay 


the apparent frequency heard by the same listener if the train move aw ay from 
same speed? (Speed of sound = 340 ms ' 
(iven Data. 


the VAtiog ary vas 


iat \ .® 


pio ate Putting Values, we pet 
| “ , FOwiina —— _ ae 
Speed of tran = U,= 90 Kmh = ———— 25 mes a= 1 = | S00 
60 « 60 | —— 
Speed of sound = v = 340 ma”’ teenth Lia on 
Frequency of source =f = 1000 Hz As the transmitter emits radi Waves | so 
To Find: wt A, 
(a) Apparent frequency (when (rain is reaching 4 slationery observe: } 
(6) Apparent frequency (when train is moving away from the observe: oe aa 
Calculation: Putting values) We pect 
(a) When train is approaching toward listener, then using the formule | a 
Te oe F = 100000 
iv= Us) 3 ef 
Putting values, we get 77 
f' F 140 | » 10) (2 Teoepeekery are arranged as shown in Pig. 8.24. The distance 
340 = 25 | bette tentitem is 3 m and they emil » constant tonc of 344 Hz. 
fs 140 1000 | A microphone P is moved along a line parallel to and 4.00 m 
115 from the line connecting the two speakers. It is found that 
f’ 1079.4 lly | tone of matimum loudnacss is beard and displayed on the CRO 


when microphone ts on the center of the line and directly 
opposite cach speakers. Calculate the speed of sound. 
| ven data: 
Distance between speakers = 3m 
i ouenuey © = de = 


(b) When the train is moving away from the lustemer, then wang fhe formu'a 


f‘+|— le 
v + Us 


Putting vadonk, we gel 


. Lip) 
40 4 25 


. 140 — 
i ~ LOOO 
i65 


f"= 931.5 Hz 


nerference, the Peres si must be O,£14,42445Ay ou + 
t middle point “O" the path difference between two burs cf is 
aro (a8 S,O=S,0) thus at that point construction interference takes 


Exercise Problems 


nt F ‘i 
8.1 The wave length of the signals from a radio fransmitter is [500m and the freq¥ Ap 
What is the wave length for a transmitter operating af 1000 kHz and with 
waves travel? 
Given data: 
Wavelength of the signal= i) = 100m 


Frequency of the si 


Therefore path difference » 


Or A= 54 
hy A= im To find: 
This 1s the path difference for constructive interference | 
Now v=fr 
Calculation: 


(a) 


putting the values, we get 
v=344x 1. 


A stationary wave is established in a string which is 120 cm lone 

and fj 
a in four segments; at a frequency of 120 Hz. nd ite at both ends, 
und 


its Wavelength ae | 


= 120 cm = 120 
100 


—o ee 


Number of loops = n =4 
Frequency of vibration in four segments = f, = 120 Hz 


undamental frequency = f, =? 
wavelenght = =h=? 
Calculation: 
As the string vibrates in four segments and the distance between two 


-. so the length of the string is / 


To find : 


(b) 


consecutive nodes is 


As n=4 


8.4 The frequency hiatal a wt 
this note when: Mi 
(s) ws length of the were te reduced | = 
(b) The tension is increased by one-thir 


: Given data: 


Frequency of the stretched string 
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‘a) £°= 7 (whe | 
(i) | (when length uf the Ada Wit 
; a . —_— a ye bs 
(b) hg f (WHEN fencing + edited by i) 
tee) i* iieres: , RL & ic. feo 
| at a ae Berl Pry ried J oF fe mF cael as re a aad , 
aang tie length | 


When length of the Wty 


| © bs reduced | 
When tension in the uted 


hing 'S CONSLent 


'Y Giit-third w 


oe . 
Ff otf 


ihews eres the trapien:- 


by “4 "ees TCTILAI rs ¢ CAST aT here 
and y= { wy, 
Thus fA —— fz # . | 
If A is the original wavela 1 ss 
1H 7 | (ERR, (hen the reduced ‘4 l wave ength 

y = ™ A = 

on | 

+ 


300% = fei 
3 
or) B00=2¢" 
3 


When tension i is increased b 
y one-third without cha : 
As the relation of fundamental frequency for a sane Senles length: 


Civen data: 


Length of organ pipe =/ =50cm =0.5m 
Speed of sound =v =350 ms” 


To find: 
(a)- (when pipe is open at both end) 
fundamental frequency =f, =?) 
Next harmonic frequency =f, =?) 
(b)- (when pipe is closed at one end) 
fundamental frequency =f, =?) 
Next harmonic frequency =f, =?) 
Calculation: 
(a) When pipe is open at both end:- 
The frequency for nth harmonic in open organ pipe is 


f=— when n=1,2,3.........:. 


So the fundamental frequency | is 
_ 1x350 


(b) When pipe is dase at one end:- 
When the pipe is closed at one end , then frequency for nth harmonic is 


: =v when n=1,3,5,7,.. 
So fundamental frequency is 
_1*390 
' 4x0.5 
f,=175Hz 
ic frequency i.e. n=3 is 


(Put n= 1) 
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Maximum | length = / 


max = 4ry 
, Speed of sound = Y= 340 ms~ 
Frequency range =9 .€. fi = De 
Calculation: ' 
For organ pipe open at one end on] 

nv § 
f= 

Pt) 


Minimum length 
For fundamental frequency, put n = | 
, _ a 7 


®& 1%340 
_4*30x10" 


[ / ri 


= 


| man 
Maximum length 
For fundamental frequency, put n= ] 


min | 
4] 


fs The frequency fon fork 286 He 


x to one — feirectiey 


Since the number of beats per second decreases on loading first fork js one, th 


c Naptey 8 Moy 
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frequency of second tuning fork. refore 259 ig Mca ie eve) 
Thus | | _— — my | speed of sound = y = 34 
Correct frequency = )=253Hz As (254-253=1Hz) Time = t = 50 sec Oms™ 
8.8  §$Twocars P and Q Savane along a motorway in the same direction, The ‘eading ca To find: 
a steady speed of 12 ms '- the other car Q, travelling at a steady speed of 20 ai rP rave), T Speed of source (i.e. train ) = U, = 
to emit a steady note which P’s driver estimates, has a frequency of 830 Hz. Wh i Ran: US hon, Distance covered by the traf = ~~ ; 
Q’s own driver hear ? : requeney they Calculation: rs 
| sing Dopp! 
(speed of sound = 340 ms : } . 8 Doppler, § fomhula, Wi source 1s moving away from listener 
Given data; Sees (7Orw' ‘inate oan 
Speed of car P = U, =|2 ms"! Putting values, we pee 
Speed of car Q = U, =20 ms”! 1140= ry, jy)!200 
Speed of sound = v = 340 ms” OP 3.07 7 1200 
Frequency heard by P's driver = {, =830Hz 1140 
To find: Or BOPU,=357.89 
Frequency heard by Q's driver = f=? | Or «J, = ae 340 
Calculation: , . | | " 
Speed of Q relative to P= U,=U,-U, = 20-12 =8 ms ) 1% Ashe ais cia val 
Using Doppler’s formula, when source is moving toward listener . | So distance covered = § = VX t 
. a > 6 _v,+y, 
f'=| 7 \ FA ance Vy et 8.95ms" 
¥-U, —_— : Pettis 
: AL, Vv ar na 
Or (|e 
Putting values, we get Me 
830=| ——— {f, orption spectrum 
an) " me a4 the Calelum a 
340... as b Tabor 
432? ’ i ' - bc ilculated ¢ 
830*332 
49 =A train waa i bere be re it sets off from the estetion and 7 on “an 2 
platform a its frequency et 1200Hz. The train then pats: the piatl 
Fifty seconds after departure, the driver sounds the horn aga | Be | 
estimates the frequency at 1140 Hs. Caleulate th train speed 50 5 after ¢ : 2 | 
the station ls the train after We! : 
(speed of sound = 340 ~ oy 
Given data: Cc en mee 
a 
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: <hapter 8 pw. 
- ' 
~ 
— 
d 
pa 10 
397*10" 
f=7.56* 10" Hz 
For apparent frequency, 
t. U = 
f ar | 
»_ 3*10' | 
478* 10" 
f’=6.28* 10" Hz 
(a)- <ASA>A oF f'<f fso galaxy is moving away from earth. y 
(b)- Using Doppler effect, When source is moving away from observer, then , 
Ca} : 
vtU, | As v=c 
c | : 
r t ’ f{ i 
—<-| 
Putting values, we get ‘ 
( 3x10° — ie : 
70% | J pe ee x7 .56* 10 2. 
rink ls: | ww: 
6.28(3*10°+U, )=3%10"%7.56 . 
6.28x3% 10° +6.28U,=3* 10°*7.56 | * 
6.28U,=22.68*10"- 18.84 10° B 
6,.28U =384~ 10° 


_  384x10° 
628 
U,=6,12*10'ms" 


TT TT ee 


Degrive the equation d Sin @ = mA 
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Understand the concept of wavefront. 
State Huygen’s principle. 

Use Huygen’s principle to explain linear superpasition of light, 

Understand interference of light. 

Describe Young’s double stilt experiment and the evidence it provided to support the wave theory of 
light. 

Recognize and express colour patterns in thin films. 

Describe the formation of Newton's rings. 

Understand the working of Michelson’s interferometer and its uses. 

Explain the meaning of the term diffraction. 

Describe diffraction at single slit. 

Derive the equation for angular position of first minicom 


ee 
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1c Ww ‘in fhe notre of light and te different 


_— - —— m/e j — 
Braia ki EF rir } +t ar? wi ri rin ft 


nrodguce thesensation of Vision 


nt DutcSittentist, proposed that light is the 


iMn@rmn fen i Hi! nm travers in form oT We aes 
=< ——= -_—— = — 
7m Wave Fronts 
bins | the surfadon which ll thespoints of woves have same phase of vibration |s 
oo ire SUF 7 tai ' rere ” a i 
knows os Wovefron! 
— Explanation | 
| —ei = = » noint source propagates outward in all Ware front wy 
. . in a ie peeittod from 2 point 50urce propdfa! | 
- ' ~ . 7 Suppose ine grit ol : ‘vel a. = . ni Spherical wave fronts (a) 
| ; Z : - —S c : : | apaced a wavelength apart 
| — =) = % imaginary spnere with center as S and ragius as ¢ Tho arrows represant rays. 
| | =) | = | 
S mail . = | r = “se | Ac the Mistance of all these points from the source is same so all the ete _ 
: —_ | i a on -) . =: | h as surface is 
< | " : | : | | ———— . = = | | the eyriace of the sonere have the tame phase of vibration. Suc a 
oul mB. - : --* | —_ | - : =- =f? 
| 4 7 : - ~ ~ known as Wave front 
y.. | ~~ =i 4 ra - | . . 
| a | | a. | , lie ie = Note 
| | 4 -3- F 
a | p | A | The wave front from a point source are spherical. 
ws CLC - = space by the motion cj ws as 
Z \zf : Thus wave propagates in space by the motion of wave fron 
_~ | = h | ak - . , | f ve iT is one | ! | gth. 
| nn | | 4 sc @ The distance between two wave fronts is one wave feng 
an a." ~“-_= 
| oe st § Gee Ray of Light sae 
| ——e- y, = The line normal to the wave front which shows the direction of propagation 
sew = panniomteins 4 
os light is called a ray of light. senton 
= , - rT _j | . aad | i | 
e | | F : |  propagat 10 In SPNenta ed EMPLAMATIOM 060i 
5° 28) | | rical’ : : 


Q.2 i State and explain the Huygen’s principle? 


Hunan’ Ss Principle 

lf the location of the wave front at any instant t is known then Huygen’s principle 
enables us to determine shape and location of the new wave front at a later time 
t+ At. This principle has two parts; 

i. Every point of a wave front may be consider as a source of secondary 
wavelets which spread out in forward direction with a speed equal to the speed 
of propagation of the wave. 


ii. The new position of the wave front after a certain interval of time can be 
found by constructing a surface that touches all the secondary wavelets. 
Explanation: 


Let AB is the wave front at time t. 

To determine the wave front at time t+ A t, draw secondary wavelets with center 
at various points on the wave front A’B’ and radius as cAt, where c is the 
speed of propagation of wave. The new wave front at time t+ Atis A’B’ which 
is a tangent envelope to all the secondary wavelets. 


Q.3 Discuss the interference of light, discuss its different types and 
conditions for detectable interference. 


Interference of Light Waves 

When two identical light wave travelling in the some direction are superimposed 
to each other in such a way that they reinforce each other at some points 
(constructive interference) While at some points they cancel the effect of each 
other (destructive interference). Such phenomenon is called interference of light, . 
Types of interference 

There are two types of interference 


(i) Constructive interference 


if crest of one wave falls on the crest wave, then they support each other. Such a 


interference in known as constructive interference. 
For constructive interference 

Path difference =mA where m=0,4)2,3.......... 
(ii) Destructive interference 


if crest of one wave falls on the trough of the if wave, then, they cancel each 
other. Such a interference in known as des : active interference. 
For destructive interference 


Path difference = [mea . a re m = 0,1,2,3,--.-- - 


ok 4 
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conditions for detectable interference pattern 


the following condition must be met, in order to obsemve the interference 


ee 
4. The interfering beams must be monochromatic. 
2, The interfering beams of lighbiiiist. be coherent! 
3. The sources should be narrow and Vey close to each other. 
A. The intensity of the twouselirces be comparable. 


Monochromatic Sources 

the sources which should emit the light’@fysingle wave length are called 
monochromatic sources. 

Coherent Sources 

The monéchromatic sources of light whieh emit waves, having a constant phase 
difference, are called Coherent sources. 

How to obtain coherent sources 

A common method tmobtain the coherent light beam is to use a Monochromatic 
source to illuminate @ S@reen containing two small closely spaced holes, usually 
in. the shape.of slits. The light emerging from the two Slits is coherent because a 
sirigi@ source produces the original beam and two slits serve only to split It into 
two! parts. The points on a Huygen’s wave front which sent out secondary 
wavelength are also coherent sources of light. 


a. Describe the Young’s double slit experiment for demonstration, of 
_ interference of light. Derive an expression for fringe spacing. ST 


learn the diagrams, and 
mathematical derivation 
and read the theory only 


Young’s Double Slit Experiment 

In 1801, Thomas Young performed the interference experiment to prove 
the wave nature of light. A screen having two narrow slits is illuminated 
by a beam of monochromatic light. 

The portion of wave front incident on the slit behaves like the source of 
Secondary wavelets. The wavelets leaving the slits are coherent. 
Superposition of these wavelets results into the series of bright and dark 
bangs which are observed on the seco 


For Your wilormation la 


naxima and minima, 2 ery 
ac ee ent ing. int ie ost 


J as | 
— # [ 
(ae. pile | seal 


none 0 1 9 Me 


pe ny are bh 


den =sin8 


or BD = AB sin9 
(AB = d) 
Path difference = BD =d sin® | (1) 
Constructive interference 


g | ee 
if the point P is to have bright fringe, the path difference BD must be an integral Young's don pital 


multiple of wavelength. So, 
BD = mA. 
Thus Ue bo 
Where m = 0,1,2,3........ 
Where m is called the order of the fringe. At central point O, the path difference 


BP-AP=0, so there will be a bright fringe at O corresponding to m=o. This is called 
zeroth order fringe. 


’ 
Destructive Interference: 


if a dark fringe is formed at P, the path difference BD must contain half integral 
multiple of wavelengths. According to the condition for dark fringe. 


BD =[m +a) 


Thus dSin@ =[m +aya 1 Ea «} 


Where m =0, 1,2,3,..--. 
Position of Dark and Bright Fringe: L 
Let y is the distance of point P from the central point O and a bright fringe is 
formed at P. Now from figure, we can write from trianglePOC 


OP _y 


tan 8 =——_ =— 
OC L 
y= Ltan9 


(for srnall 8 sin® = tan6} 
y=Lsin®@ sf) 
Position of Bright Fringe: 
From equation (2) 


. Thus equation (4) be 
y = mr are m = 01,2, 3-0 


Position of Dark Fringe: 
From equation (3) 


Thus equation (4) be somes 
y= ( n+ +\* m = 0,1,2,3.... 
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cringe Spacing: 


The distance between the centers of two compecutive Gright or dark fringes is 
called fringe spacing. 


For Two Bright Fringes: 


in order to find the distance Detween twovadjacent right fringes on the 
screen mth and (m+1)th tringes are considered 


Position of the mth fringe Ym =(m)" § | 


Position of the (maa) th fring® = Ymes=(M+1) git | a r ‘ | 
d ¢ a f ' 

ie. f 4, , 

Then, i na f 


¥ 

A = i oy ff 
cy — Vee ‘fia 

y- ¥ ‘ 


i | 
LL 
= all 
—_—> = 
1 


[| -£& 
AY Siyyit | )| : - 4m) ( _ Ne 
1, . d 4 Jt, 7! | 
Al An interference pattern by monochromatic 


by = (attl “aisle 


light in Young,s double slits experiment. 
AL. 

Ay=— 
d 

For Two Dark Fringes: 


in order to find the distance between two adjacent dark fringes on the screen 


a! 
—— 


(m +) th and (m+ =) th fringes are considered. 


i, ie ae 
Position of Un +) range = Yaa (rt) rr 


Position of (m +=) th fringe a (m+=) = 
Then, 


—— el a 


Explain the phenomena of interference of light in a thin film? 


Interference in a Thin Film 


A transparent medium whose thickness is very small (Comparable with 
the wavelength of light), is called thin film. 


Examples: 
(i) oil film on the surface of water, 
(ii) surface of soap bubble, 


(jii) cracks in glass plate. 
Explanation: 


Consider a thin film of a refracting medium. A beam AB of 
monochromatic light of wavelength A, is incident on its upper surface, It is 
partly reflected along BC and partly refracted into the medium along BD. 
At D it is again partly reflected inside the medium along DE and then 
along EF as shown in fig. The distance between the beams BC and EF will 
be very small, and they will superpose and the result of their interference 
will be detected by the eye. 
It can be seen from fig, that the original beam Splits into two parts BC and 
EF due to thin film which enters the eye after covering different lengths 
of path. The path difference depends upon; 

4. Thickness of the film 

Z | Nature of the film 

3. Angie of incidence 
if the two reflected waves reinforce each other, then the film will look 
bright. However, if the thickness of the film and the angie of incidence 
are such that the two reflected waves cancel each other, the film will look 
dark. 
interference of White Light: 
if white light is incident on a film of irregular thickness at all possible 
angles, we shoulo consider the interference pattern due to each spectral 
colour separately 
But if the thickness 
the destructive 
remaining colour of the white light will make appearanceon the film. . 


of the film and the angle of incidence are SUCH Bhat 
interference takes place from one colous. Then ‘te 


Discuss the formation of Newton’s rings. Why does the central 
spot of Newton's ring look dark? _ 


Q.6 


Newton's Ring 
When a plano-convex lens of lang focal length is placed in contact witht 
a plane glass plate, @ thin air film is enclosed hetween them to form 
circular dark and bright fringes Kuown as Newton's rings. 


FIiFig j.4 
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Intererance of |i 


CONStructign of 
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Do You Know? _ 


light reflectod from its compler | 
laverernd surtace | 


ara due to | 
white light’. 
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‘ en] arranrement:. 
aorimental arrang 
exper! 


the thickness ol the air tilm between plano-convex chs and plass 

at the point of contact [0’ and ij BD rsacae 
gradually as we proceec vowares the periphery ofthe lens, Thus 
rhe point where the thickness of the alpedilmis constantawill lie on 


git is almost zer 


ria 


the circle with O as cen 


Light beam from a monochromalc source S “Detomes parallel 
after passing through the convex lens by This beam of light falls 
on the glass plate G, Sore fays are partly reflected normally 
towards the air film and partly fefracted through G. When light 
rays falls normally an the tens, th@Seyrays are reflected by the top 
and bottom suridees oO! fhe air filnd As these rays are coherent 
and interfene each Other: onstrustively or destructively, 


Fig. 3.6 (a) 


Experimental 


arrangement for 
observing Newton's rings. 


When .the light refleeted upward is observed through a 
microscope. “M7 focused al the glass plate G, a series of dark and 
bright circular rifgsyare observed, as shown in figure. These 


concentric rings afe Called Newton s rings. 
Dark Central Spot: 


At thespoint of contact of the lens and the glass plate, the 
thickness of the film is effectively zero but due to reflection at the 
lower surface of air film from denser medium, an additional path 
difference of 3/2 is (or phase change of 180°) introduced. 
Consequently the center of Newton rings Is dark due to 
destructive interference. 


Fig. 9.6 (b) 


A pattam of Newion’s tings due to 
interference of monochromalic light 


construction and working of Michelson’s 
u find th light used? 


Q7 Describe the principle, uc 
interferometer. How can you find the wave length of 


Michelson’s Interferometer — a 
For Your inform 
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eter is an instrument that can he used to measure 
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interferom t that can be Useu to Mess 
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t from a single source ts 
sference pattern. 
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“A photograph of Mig 
Interferometer. 
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Ray Diagram 


Moveable Mirror 


Sochomatic diagram of a Wichelson's interferanete: 
Working 
Monochromatic light from an extended source falle on « h if 
G, that partially reflects it and partially transmits it, The reflect 
as! in the figure travels a distance L, to mirror 4 
towards G, 
The half silvered plate G, partially transmits thic portion that finally arrn. 
observer's eye. The transmitted portion of the original b 
a distance Ly to mirror M, which reflects the beam bart toward G. out fs + 


Same piece of giass as G, is introduced in the path of heam 


7 Ez ee ae ia mii . 
aes | i] - _ 


| a i 5° 
plate. G, therefore equalizes the path length of the beam | and » glace Th 
(Iwo beams having thei different paths are coherent They Srila SterTeres 
‘ BA rae we? Le Lae © er? 


effects when they arrive at observer 


, = yuo 


The observer then sees a series of a parallel intert 


af - - i § Trp? . ae 


interferometer. the mirror NA, can be moved along the a 


direct perpend-tular | 
its surface by means of a VIFecision streow. As the length q ‘nanged. the pattas 
of interference fringes is observed to chit are 
if M, is displaced through a distance equal 1/2. a path difference of doubieio! 
P. A 
this displacement (1.¢ _ _ — tS produced, i.e. equal to A. Thus @ fringe is seer 


shifted forward across ite: line of refer rence of cross wire in (he @ Ye Dlece aki Er 
displaced through 4/2. Hence, by counting the number m of the fringes which 


are shifted by the displacement L of the mirror. We can write the equation. 


L=m-— 

* 
ZL 
oF A = 
m 


Very precise length measurements can be made with an interferometer. 

Uses: 

Michelson’s interferometer is used Tor the following purposes: 
(7) it is used for tne determination of wavelength of light. 
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0.8 What is meant by diffraction Of ight? 


Also oOmcuss trie ditty acLon of eh rin MOug a a narrow v slit? 


Diffraction of Light 


The propert; of bendinp.of light around obstacies and spreading of light waves 


= =m 


into the pcamiciri a/ shadow of on obstacle uw called diffrac hon 


Explanations “ 
i 
cE 
ea. | 7 . or rh <¢<Tti F af ahcut Jmm in diameter a — 
.,  : # Bi | Fee i Leet ee OT GUA 3 OPP Prt Ge tt tei 
oHunmeamwed bye pont source of light 5S. Ime shacow of the 


object's ret@mwed on a screen as shown in figure. The shadow of! 
the ¢pherical OBject is not completely dark but has a Bright spot at 
its Center. (pn appens only if the light bends around the obstacle. 
Concivi on. 
This. phenomenon becomes prominent when the wavelength of light Is large as 
Seep acer anes tie cia of the chetade or npn cE C38 
fraction of light occurs, in effect, due to the interference between rays 

coming from different parts of the same wovefront. 
Diffraction of light through a narrow silt: 
The experimental arrangement for studying 
is shown In figure. 
Let ui consider a slit AB of width d Is illuminated by a parallel beam of ! 

chromatic che Fee Cue corton ss Sean wavefront | the Hal 


Bngnt spot 


Bending of light caused by its 
passage past a spherical object. 


Point to onaler 


ion of light due to narrow slit 


rai i) iyabl Mast Aube ‘] 
i 


/ 
ror destiuctive interferonce (fiest rire), ali 
J 
Manee dri etieon few fire) mininn ron he written ae rig a4 
r ia mn) Tey HU. ry Tete Writtery we ' ny) 
| del jimh 
way, ' : ar; rf a 
sin hatha Ley dae ere | jan” 
i / He 7 = ea ar || 1M a haga, 
s ueinWwe s 


iri Peper), lie conditions for dillerent arder Gl minima Observed on 
cities we cyl Periri ‘;{ of Fiery) wee ob fiery ly 
dan «m, 
Ashita iri 1), 4, F4, 


hie reper Perl vwiiiit) af j whi Consecutive minifna heythy ale TT arel WT a i 


thie fe riewve FL TU LL } oF P rinrittia Wi ris vey ri nay Ontain a) rie r){ lig \ ify rT 
i ri 


aiterfiate dark and bright Mringes wilh central bright tase ape eye! 
Allreghismge @ 


‘L45 What ie diffraction grating and obtain the grating equation to find the 
wevelergih of light! 


Diffraction Grating 


“A diffraetion grating cansiats of a glass plate on which very fine 
equidietant poraiiel lines (icratelhes) are drawn by mean of ruling engine 
With fine Hamiand point The transparent spocing between the seratehes aie tn tt 
Oni the giage plate gets as allin” 


A typical direction grating has abaullagn | Ciffraottion af lgnt 


Grating element 


die Wo ging 


"The distance hetween the centers af two adjacent lines ls called grating 
slament” 

te Value le Obtained by dividing the Jength | of the grating by the Total 
number N of he lines ruled an ii 

$0 the grating elernant=del/N 

ifwe consider the unl length of the diffraction grating then d= 4/N, 
Working and Theery 

Consider the parallel bean of mangehramatio light, illuminating the 
grating at normal incidence, The parts of the wave front that pass 
chrough the slits behaves #6 sourte Of BatOndary Wave lets according to 
Muy@ens principle ; 

consider the parallel faye Whe Make an angle O with Ab after 
diffraction, They ere than browalt to facue an ie sereen at P hy Gonvex 
lene, the path difference between fay ane 4 lt one wavelerigth ), they 
each other at Poe the Nerident beam Longists of the 


will reinforce 
. we Pa 


"i Pri fs5iCS 


cehular | f irajectwive j 


—— 


qaraile rel/ 1 OM . A ral / | hie ail Pe i rl fy afi) Oa Ny 
J wih (riery ary yea i! 1 am i rt rrieari repel ¥ Vi ' rr j j 
grating Equation 

rill j te ; Wier iiley ae ita} Te | 


hie gar 


cornet ulive fay hoOuld be inter oer Gl f,. 4.4 
Frath cit iba? (9) 

cram figure, ach 16 a rghit ari ATR An ple 

oka fae yl | 
ne ale ae Sire) 

t) Pein t} 3 
Comparinte yang | 4y 
Pa wn re 

according fo equahar vee © , then path differance y. 4o we will 


peta bent fringe AG Ie Blwin fern order image formed by the grating 
if we infreate Hon ether side af this direction, a Vilue off) will be annived 
atwhich ? d Sin Hand we apain get boght image if path dilferenc 
Hie ied nue of 7, we will get ser ond, third order ete, innages 
lherelote in general we can write 

hin @ iV Wherene0,1,27,4, 
hic it called the equation of granting and ‘n it called the order of diffraction 
Ve air the conteal miazina, felis ihe first order maya and 40 on, The 


doporate inmges are obtained cor responding ta each wavelength or colour 


scribe the diffraction of x-rays through crystals? Also deseribe 
its different uses? 


10 De 
the Braggs equation and 


Diffraction of X-Rays by Crystals 

rays is type of electromagnetic radiation of much shorter wavelength, 

of the order of 10" m. 

In order to observe the effect of diffraction, the grating spacing must be 

of the order of the wavelength of the radiation used, The regular array of 

Atoms ino crystal forms a natural diffraction grating, 5 

The study of atornic structure of crystals by X-rays was initiated In 1914 by 
m a crystal plane 
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“Interesting Application 


EXPLANATION: | 
for 10) awe r paral 
Pit " ihe Ainge fe g | ie 
| nailer ite ©) they ove 


AC 
Or BC = ACsin@ 


Or BC =dsin®§ As AC=d 
similarly from triangle ACB’. we have 
- CB 


— =sinfi 
AC 


Or 
CH = ACsino POI scrur 
orf ligtithy 


Or 
CB’ =dsin§g 
Thus, path difference = BC+cp/ 
= 0 sinO + d sind ........(1) 
Patn difference =2d sin fj 
pt reflected beams will reinforce (constructive interference) i 
aIVErence iS equal to integral multiple of Wavelength. Hence fo 
constructive interference Sagi 
| Path difference=n).... _ (2) 
Cornparing 1 and 2. we pet 
20 sinG=n). where n= Yen: Se 
where n is the order of reflection. This is known as Brage’s equation, or Brage’'s 


law 

Uses: 

| Braggs equation can be used to determine the interplaner Spacing 
between similar paralle! planes of a crystal ie. d=- nA 
in ee 25in6 

2. Mrays diffraction is very useful in determining the structure .df 
biologically important molecules such as hemoglobin, which is an 
important constituent of blood, and double helix Structure of DNA, 

3, Bragg s equation can be used to determine the wave length of light. 
4, _ 2d8ind” | 
le, DY A® | 
\ n | 


Q.11 Explain the phenomenon of polarization, 
produced and detected? 


Polarization 
The phenomenon of Interference and diffraction have proved that light has wave 


nature, but these phenomenon do not show whether ee 
longitudinal or transverse. The phenomenon of whether light waves are 


waves are transverse. 


ur 
tiie 


How plane polarized light is 
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Tidbits 


in tramsverse mechanical waves, the vibration@ean 
vertical, horizontal or any other direction, 
wave is said to be polarized. 


: be oriented along 
In each of these cases the 


The plane of polarization is the plane containing thedirection of vibrati 
of the particles of the mediurn and thewdirection of propagation of kes 
A light wave produced by os¢jflating Charge consists of a Sesit 
yariation of electric field vectorglong with Magnetic field vector at right 
angle to each other. The directionof polarization in 2 plane polarized 
light wave Is taken as the direction of electric field vector. 
Unpolarized light: 
A beam of Ordinary light consisting of large number of planes of vibration 
is called unpolarized light. 
Polarized light: 
The bear of ligntin which all vibrations are confined to 2 Single plane of 
vibration is called polarized light. 
Production and Detection of plane polarized light 
The.light emitted) by an ordinary incandescent bulb is unpolarized, 
because its vibrations are randomly oriented in space. It is possible to 
obtain plane polarized beam of light from un-polarized light by removing 
al) waves from the beam except those having vibrations along one 
particular direction. This can be achieved by various method as given 
below: | 

(1) Selective absorption 

(2) ‘Reflection from different surfaces 

(3) Scattering by small particles 

| (4) Refraction through crystals 

Selective absorption method: 


polarized light by using certain types of materials called dichor! 


selective abortion method is the most common method to obtain plane 


One such commercial polarizing material is Polaroid. 


" : the un-polarized light Is made incident on 


h 


ee ; *s . 


These transmit only those waves, whose vibration are parallel to the 


direction and will absorb those waves whose vibration are in other dire: 


Polaroid, the | 
‘olaroid is placedin | 

gn | at | se -ond Po oid also. if 
beam of light, as axis o rotation, 


An unpolarized light, 
oue to incandescan| 
bulb, has vibrations 
in all diractions 


Polavieed-2 | 
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Reflection from different surfaces: 
Reflection of light from water. glass. snow a 
angles Oo] incidences produ ' Piaré Atal 
polarized, glare can considerably be reduced by 
scattering by small particles 

sunlight also becomes partially polarved due te 
earth s atmosphere. This effect can be abcerved | 


f i : 
pair of sunplas: 25 made of pol SMiging Piast, a Cera 
light passes through than at other: 
Polaroid: 
A synthetic doubly refras Hing substance. that oly a 
one plane, while ¢ Ci" ily fa Ly _pPolal Pro ent ij “ tat 
Q. 12 “What Is meant by optical rotation? ; 
Optical Rotation % 
When a plane polarized light is passed through certain cryit hew rotate ths y 


plane of polarization. Quarty and sodium Tniorate crystals are tvo ole i 
which are termed optically active crystals 
A few millimeter thicknesses of auch crystals will rotate th 


i ; rlskoe of wCeet igh aie 
by many degrees. Certain organic substances. euch a 


i .é ra Tet .* of Aes wl 
show Optical rotation When they are in ,Ooluthon Aala' orooerty of : =e artrwe aye “Ss bay rr Pi eee fe 


vo oe" “tne te fe orks 


substances can be used to ¢ meet (Oke 


Path difference for constructive 


| interference in Tight | | ail here ms & Ad. i 


Path difference for destructive d Sint = [aml 


interference in light 


wh ere me na28 | 


) Displacement of mirror in 
~/ Michelson interferometer __ 
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Four possible answers to cach siden are given below. Tick (*) the correct answer: 


The wave theory of light was proposed by: 


(a) Galilec ib)  Huygen 
(c) Repel id) Newton 


The locus of all paints in the samephase of vibration is: 


(a) Viavetron' ib} Interference 
(c) onffractaer (cl) Polarization 


in Newton 4 tings experiment the Plano convex lens used should be of: 


la} Sena) foc alder ptt (b) Large focal length 
fort focal length | None of these 
(c) (ery i f ea Pee ld) None 


The at between lens and the plate in Newton's rings experiment Is replaced by water. The rir 


pattern: 
(a) Contracts (b) Expands 

c ecomes darker 
(c} Remain same (d) Become 


Fringe spacing in young’s double slit experiment increases due to increase in: 
(a) Set separation (b) Wavelength 
(d) Frequency of source 
» pattern will be more, when coherent sources are: 
(b) Too much apart 

(d) Inclined at 45° 


(a) Gose eatibe 

(c) _— inclined at sarne angle 
Which is not opticall a i, 
(a) Sugar (b) Tartaric acid 

(c) Water Sodium chlorate 

Longitudinal waves do not exhibit: erwin A ai 
polecaaneD 
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J iw PMithetson intarlerorneter a4 (naving the mirror through a distance of —, the path differance 
A . 


Changes try 
f ‘j ! f, 


(J) Zf, 


. On dividing the length of the grating 'L’ by total number ‘NW’ of the lines ruled on it, wege 


(4) Grating elerriert (b) Total length of slits 


{e) Total neignet “yf <lite (d) Nore of these 


4 Polarization of light shows that light waves are 


»/ a 
(¢) sound waves (a) all of these ee 
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ies, Conditions for coherent sOurtes 
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0.4.2 Mow + the distance between interference fringes alerted bh. 
Young’: experiment? Can fringes ditappear? 


Ars. Sy inicf@aging the separation between slits fri n@e Spacrig is decreased and vice versa 
Evplanation 


- 


he fringe soar ng is given bry, 


AL 
Ay = — 
d 


This equation shows thal the distance between fringes(Ay) is inversely prosortional to the separation 
between the slits {d). 


29.3 Can the visible light produce interference fringes? Explain. 
. (Min 2003-200 
tes, visible oe (white light) can produce the interference f 


pat ana - a 


i 
a oe 


0.9.5 Explain whether Young's experiment is an experiment for studying interference or 
of light. 


diffraction ; 


Ans. Basically, itis an experiment to study the interference of light though it involye< diffrac) 
Explanation 
As the light passes through the slits it bends around the slit (diffraction). Ther these diff 
| “~~ = ese ira 
superpose each other to produce the interference pattern effect of light. Burt ip nis dentine ays 
only study the interference effect of light. EGR Wy 
0.9.6 An oil film spreading over a wet footpath shows colours? Explain how does it happen? 
(Bwp 2003, D.G,Khan 2005-2006, Rwp 2005, Fsd 2005, wp 2008, Grw 2009, Lhr 2010-2011,6 
; ' : Twin) 
Ans. This happens due to the interference of light waves 


Explanation 
* Oil film spread over a wet foot path acts like a thin film 
* A light beam Is incident on the upper surface. 
® itis partly reflected from upper surface and partly reflected from the lower surface of thin film of oil 


* The two reflected coherent bearns 
obtained, 


superpose and an diffuse interference pattern of different colours iy 


Could you obtain Newton's rings with transmitted light? if yes, would the pattern be different from 
that obtained with reflected light? 
(Lhr 2006, Bwp 2008, Mir Pur 2009] 


Ans. Yes, the Newton's rings can be obtained by transmitted light 


Pattern of transmitted light: 


| a 3 | Te ened lial There is ni 
The pattern obtained from transmitted light is exactly opposite to that of reflected i fle 
shase change in this case. Every dark ring is converted into Bright ring. 20 the centre.of Newton +" 


age of wave length 


0.9.8 In white light spectrum obtained with diffraction grating, the third order im | aah 


coincides with the fourth order image of second wave length. Calculate the ratio of the tw 
lengths? 
Ratio of two wavelengths 
Grating equation is given by 

d sinQ = na 
For first wavelength A, n= 3 


Ans. 


50 dsin0 = 3A, : (1) 
For second wavelength A,, n=4 
50 d sinQ = 4A, __ 
Comparing equations (1) and (2) we have 
3A,> 4A, 
OR pad 
~~ 3 


Hence, the ratio is 4: 3. 
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0.9.9 How would you manage to get more orders of spectra using a grating? 
(Federal 7005, Ging 260%, Mir Pur 2006, fwp 2006, Lhr 2006, Bwp 2008, 


Orders of spectra [n) 


The formula for diffraction grating 


Ans. 


sind ris 
OR op B A. 
A, 
for maximum value.gry cities) o> = 90" 
So 
this equation shows thal We can.@et more orders of if 
Fora given diffraction grating 
‘fe a : yl a re af is COM tarit. en 
Its grating Clement is CONSTANT, 


| 


A 


no 


Hence, by decreasing the wave length we can obtain more ¢ der ofl spectra 
0.9.10 Why Polaroid sunglasses are better than ordinary sun glasses? 
(Grw 2003, Sed 2003-2005, D.G, Khan 2005, Lhr 2005, Fsd 2005, Mir Pur 2009, Lhr 2009,Grw 2010) 
Ans. 
® Polaroid sunglasses pass small light having specific planes of vibration. 
® Polarized sunglasses reduce glare. 
* They protect the eyes from bright rays of sun light. 


* Polaroid sun glasses blot out only the harmful glares. 


Q.9.11 How would you distinguish between unpolarized and plane polarized light? — 
(Bwp 2004, Mir Pur 2004, Rwp 2004-2005, Min 2005, Grw aki 


Ans. Plane polarized unpolarized and light me — 
Suppose light is incident on a polaroid. The polaroid is slowly rotated about an axis whit 

direction of incident ray. . 
if the transmitted light is plane polarized, it becomes dimmer ani 
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he Gietance waswtem tae cite te Young's double ot exgeriencat is 6.25 om lmterference fries - 
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Atanas wetovern dista = 6 + 15.95 exe | 
eaten of screen from vita ~ = 160 om = Ie Light of Wavelength 450 nm is incident on a diffraction grating on which 5606 limes/em have been 
i ae 7 | Turs dara {ringer - fj ; 59 CT) § Sa 1h _ ro , | 
For tue thied dark femec. mm «2 (i) Haw many orders of spectra can he observed on either side of the direct beam? 
Ta ied ‘ | (ii)  $Ueterrmine the angle corresponding to each other. 
Civen Data: 
waverengin A wmaident lght = 1 7 Wevelength of light = 2. ~ 450nm = 450 x 10m 
€ abe wlatien: Lines ruled on diffraction grating = N = $000 lines per cm 
As the forrniula for dark fringe 1s J | 
| Ad, 


iri ' , | 
- «@ 


if 


To Find: 
(i) Orders of Spectra = n= 7 

Gi) Angle = 9-7 a 
Calculation: 

_ ©) Por maximum number of order of spectra, Sin = | 
$9219" = €al : | AS maximum possible value of angle of diffraction 
L)\2asyio' | Using the formula 
d Sind = nd 
Putting values, we get 


& , = .- 
; aa i = | 
= ri } -_ i ee : | a 
—|xlenx450x 1 
, _ == ¥ el Pr ee Ea, : ® . A ; J 
1 ] 
ic st ra = ” bs 5 bd : r 
¢ 
' ’ 7 © 7 7 7 


fe 
J) all 
oe on 
- = 


Pittir " Valiaes. we get 


j i | J | 
4 (9 ‘ yf - # ) 
é 150210~ 


a * 


5.9% NT'm 
i= $90 «10?m 
Or = 590 ned 


= 


a” 


~ 
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Yellow sodium light of wavelength 589 nm, emitted by a single source passes th ough # ) 
slits 1.00 mm apart. The interference pattern is o : 


ved on a screen 225 cm away. How © 
are two adjacent bright fringes? 
Given Data: . 


Wavelength of sodium light =), = 589 am 589 * 10m | 
Separation between the slits d= |.00.nm = }.00 x 10%m 


Distance of screen from slits = | = 22 


Sem = 9 25m 


Pulting values, we get 


! sind = 1 x 450 x 10° 


§00000 


sin 8 = (500000) x (450 = 10°”) 
sin 8 = 225 x 10° x 10” 

sin 8 = 225 x 10” 

sin 8 = 0.225 

@=sin (0.225) 


For second order spectrum, n = 2 
Tr sin 0 = (2) (450 x 10°) 


sind = (500000) (2 x 450 « 10°”) 
sind = 450 x 10° x 10° 
sind = 0.45 
9 = Sin” (0.45) 


dSinO=na 
Putting values we get 

ry F ~ sinO = (3) (450 x 10°) 

500000 

sin = (500000) (3 « 450 « 10° 

sind = 675 x 10° 107° 

sind = 0. 75 

oO Sin” (0.675) 


+ So en n=). 
d Sin® = nA 
ng values, we get 


“— sin = (4) (450 x 107) 


50000 

sin® = (500000) (4 x 450 x 10°*) 
sing = 900 x 10° x 10° 

sind = 0.9 
Ad. li (0.9) 
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Exercise Problems 


9) Light of wavelength 546 nm is allowed) illumipate the slits of Young’s experiment. The 

separation between the slits ts 0.10 mm and the dittanceof screen from the slits where interference 
effects are observed is 200cm. At what angle the first minimum will fall? What will be the linear 
distance on the screen between adjacent maxima? 


Given data: | 
Wavelength of light = A = 546fm = 546x110" m 
Separation between! élits = d= 0.10 mm = 0.10x107 m 
=) 
Distance of sereen from Me slits =L=20em=20 « 10° m 
To find: 
Angle for firsyiinimum = 0 =? 
Prifiwe spacing = liner distance between adjacent maxima = Ay =? 


Calculation: 
AAS the formula for minima is 


dsint=(m+ : lA 
For first minima, m = 0 
Putting values, we get 
$46=10° 
2x0. 10« 10" 
sind= 2730x10~ 


sint= 


sind = 0.00273 
= mre 00273) 


Diane of screen from slits = L = 200cm =<2m 
Distance of first bright fringe = y = 240mm = 2 40«10 ? m 
For first order maximum = m= | 

To find: 


Wavelength of light = A=? 
Calculation: 


Using the formula 


y=m Be 
or I= P ind 
mL 
Putting valucs, we get 
, = 2.40*10" *”0.5*10" 


1x2 
Asforfirstfringe m1 


h=1.20*«0.5= 10" 
i= *0.6x10"m 


9.3 Ina double slit experiment the second order maximum occurs at ( =0.25". The — oe 
nm. Determine the slit separation. 
Given data: 


For second order maximum = m = 2 
Angle =0= 0.25° 


Wavelength of light = A =650nm = 650x107" m 


Slit separation = d=” 


Using the formula 


dsin@=maA 
sind 


2x650* 10" 


ll 


A, 


sin(0.25°) 
d=2. a: x 10° 


——————— ——— 


so ey ——_——— 


Milom wre w «4. , == —" 
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o4 «CA monochromatic light of A=S88 nm is allowed to fall on the half silvered glass plate G,, in the 
Michelson interferometer . If mirror Mis mo¥ed.through 0.233 mm, 


| , how many fringes will be 
observed to shift? 


Given data: 
Wavelength of light = 58Rnm =588 «10m 


Distance through whith mirror Mis moved = L =0.233mm = 0,233x10" m 


To find: a ‘ 
Number of fringes shifted =m =? 
Calculation: As for Mignhclson-imerferometer, the expression is 


a | +) 
L. m{ 5) 
aL 
Cr m= — 
A 
Putting valuta) we get 
Cr _ (), 233% io’ 
a $88*10" 


95 ThA ppens order yee de is formed at an menet of 38.0° when light falls normally on a diffraction 


ve wavelength of the light ae 


346 


9.6 


wavelength of as 


Given data: 


To find: 


Calculation: 


9.7 Sodium light (A= 589nm) is incident normally on a grating having 3000 lines per centimeter, 


What is the highest order of the spectrum obtained with this grating? 


Given data: 


To find: 


Number of liner on grating = N = 2500 lines per cm 


Angle of deviation = 6= 15° 
Order of spectrum =n =2 


Wavelength of light =A =? 


As grating equation is 
dsin8 = nA 


Or Lo 
N 


Or i= 

N«n 
Putting values, we get 
__ sinl5° 
~ 2500002 
Or 1.=5.176«10" 


Or 


4.=518nm 


1.=517.6*10°m 


A light is incident normally on a grating which has 2500 lines 
pectral line for which the deviation in second orde 


As d Hd 
N 


per 
ris 15.9° 


= 250000 lines Per meter 


Wavelength of sodium light = A = 589 nm = 589x107 m 
Number of lines on grating = N = 3000 lines per cm = 300000 lines per meter 
Angle of highest order = @ = 90° 


Order of the spectrum = n =? 


As grating equation is 
As dsind=n) 


— sind = 


As, d=— 
* NV 
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9 Blue light of wavelength 480 nm illuminates a 4 
"formed at an angle of 30° from the central image. 
have been ruled? 


fraction grating. The second order image is 
How many lines in a centimeter of the grating 


Given data: | | 
Wavelength of light= A = 480nm =480x107 
For second order image = n= 2 
Angle of diffraction =6= 30° 
To find: | 
Number of line per ¢m = N =? 
Calculation: | 
Using the formula 
dsinO=nx 


Putting the values, we get 


| _  sin30° 
| - 2*480«10" 
N= = 
2*480«10° 


N =5.2~10° linesper meter 
N=5.2*10°lines percm 
99 x-rays of wavelength 0.150 nm are observed to undergo a first order reflection at « Bragg angle of 
13.3° from a quartz (SiO, ) crystal. What is the interplanar spacing of the reflecting planes in the 


Given data: 
For 1 order reflection = m = | 


Bragg ,s angle = 0= 13. 3° 
acing=d=? 
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9.10 An X-ray beam of wavelength A undergoes a first order reflection f;, 
of incidence to 2 crystal face is 26.5°, and an X-ray beam of way lao = 
third order reflection when its angle of incidence to that face is 60.0°. 
beams reflect from the same family of planes calculate (a) interplan Assuming ae 
(b) the wavelength A. w SP&CINg OF the Planes ; : 
Given data: 


For first wavelength A. 

Angle of incidence = 0, = 26.5° 

For 1“ order reflection = n=) 

For second wavelength A, 

Wavelength of x-ray beam = 0.097nm 
A, = 0.097 «107° m 

For 3" order reflection = n, =3 


Angle of incidence = @, = 60° 

To find: ‘ 

Inter plane spacing = d = ? 
| Wavelength of first beam = A, =? 

Calculation: 

Using Bragg’s equation 
2dsin0=na 

For 2" wavelength 
ZdsinO,=n,A, 

Putting values, we get 
2dsin60" = 3x0.097x Lo" 
2d*0,.866 = 0.291 x10" 

_ 0.291~10" 
— -2x0.866 
d=0, 168* 10°%m 


For Sileuting wav elength ha 
2dsin@,=n,A, 
1 _. 2dsind, 
ny 
Putting values, we get 


is 20. 168% 10" sin26.5° 


- 
A, 250, 168% 10" <0 2062 


ie 


eeeoceeeeere 


tal w 
Neth 0 pee r — anpl, 
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Chapter 10 


_OPTICAL INSTRUMENTS 


Recognize the term of least distance of distinct vision. 
Understand the terms magnifying power and resolving power. 


Derive expressions for magnifying power of simple microscope, compound microscope and 
astronomical telescope. 


Understand the working of spectrometer. 

Describe Michelson rotating mirror method to find the speed of light. 
Understand the principles of optical fibre. 

Identify the types of optical fibres. 

Appreciate the applications of optical fibres. 
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4| Instruments 


optic 
struments which are based on the principles of reflection and refraction 


The # 


; ; ai called optical instruments. 
a we use wide variety of optical instruments forpractical application like simple 
= microscope, compound microscope telescope, spectrometer, optical tibers etc. 
_ £ = = F - yisual angle 
—- - = —=— § — | i : | 
3 > \2a3 ali : | | the angle made by on object at (h@eyve is called Visual angle 
F —si fsa = STI 5 2! | Least Distance of Distinct Vision (Near Point) 
£ . 7 Fe = 2k oe | The minimum distance fram th®eye ai which an object appears fo be distinct is 
—a— =) | aN 1) -alled the least distance of distingt vision oF near point. \t is denoted by d 
| ad a 6 = res ak tcal Fig. 10,2 
i—_ | = - = I 7 Explanation if 
= | aA | = © — — “man eve t-haro im s fofmed when the abject is placed ata jistance When the same object is viewnd at 
| = | ¥ - ” : e . For ahuman eye, 2 sharp image is formed when the object is placed d . Winans Pot onins Shane be rrens o 
== | Le ° «| = +e |e beyond 4 minimum limit. BuPiwhen the object is within this limit, the image refina of the aye is granter, so the 
a —»i © = 3 = appears to be blurred and fuzzy. The distance of distinct vision Is about 25 cm det car be snen, The angie 6 
| _ - - = ) . iy 7 = “ chiect subhencds orwi he create 
Gh oe: a. from the eye.(for young) The location of near point increases WIth age. than & in {b). cial 
Ss ~ Linear Magnification 
A ‘< The sizeof the imawe goes on increasing, when the object brought from a far off 
; ——— |S | < pointito théfocus of the lens. So the magnification takes place. 
. eS ~ | ~ —. & | . 2 F + 7” . ai i ih CAN 
ai = -e | 2 Des c The ratio of th® size of the image to the size of the object is called magnification 
< = m2 - tile = a & or linear magnification .i.e. 
| BY se ite clic = =.€& er; 
e. | i154 = = ile — r= a | 3 Pe wtp _ Size of image 
= = | i — |. ||) a ere + oF = = . OB Magnification =— Pree 
s | & Bye Pa 0 eel pen ie = GaSe size of object 
— = = z = | 4 j : * iy } 5 os rs 4 4 OR M I (1) 
is | Mead lilzf# HIlls ~< = _- os JR tong 
Z| S| Sa2 1/2 1/6 = 2118] [o 2 ee ere 
~-an-9 z~el (jis * ° jl?) @ 7 Another Definition 
~ | o) | The ratio of distance of image from the lens to the distance of the objec 


= dens is called magnification. : 


OR 
Thus b 


= 


ad 
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OR M = —L 


Resolving Power 


The resolving power of an instrument ls it abilit 7 
fan instrament is it ability to reveal the minor details 
the object under examination, ¢ minor details of 
OR 


The resolving power of an instrument is if abili | 
SORVER | Of an insirumen f abuify fo separate the imace of te 
very close objects. ’ parate the image of two | 


Mathematically 


: fac ie Working 
The resolving power is the reciprocal of minimum angle of resolution Cig Consider an Guject of Size O at neat 
Raleigh showed that for light of wave length 1 used to see two points separately at eve is aawhen we place the object 
Py = SPORE SF rOMiptes D, magnified and virtual image ts obtained at near po 


point d. The angle subtended by the object 
within focal length of convex lens, then a 
int d making an angle [) at eye. 


Angle of minimum resolution = a. = |.22 Ls Magnifying Power | 
a ee The angular magnification |s 


MM = = =. (1} 


OR Resolving Power = gin tw 
iw 122A 
Resolving power of plane diffraction grating 
The resolving power of plane diffraction grating is email print, make 
: 4 | sem mm 


By using the figure (I) 

: — sizeofobject 
: a pinhole tant” ‘distance of the object 

where A= average of two wave length i, and },) dearly. for small value of a, tana*a 


And =). ™), ~"' oat (2) 
ae 


Also AA =).,~- i, d 
If N is the total number of lines ruled on grating then By using the figure (2) 
tanp = 


ReNx«m 
Where m is the order of diffraction. 


Q.1__ What Is # simple microscope? Calculate Its magnifying power. 


in | 


a , F > / : 
Microscope tL SI La SS, 


{ microscope is sevice which is used ta see thy Pl > _ = 

phi pally «ep Cavice which ls used to 209 the magnified image of very gmall ' 
Simple Microscop 
A convex lens can be used for magnificatic 
Working principle 
When the object Is placed between focal point 
lens then en erect, virtual end enlarged image is oF 


uit 


a 
eae fe 
. ! 7 PP 
ia ) a 


“ 
= «| 


Se 


’ Ae 
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Therefore, a et [qed] a, = ~— 
p a 7. i 3 


Now, using the lens formula 
E 2] | 
= — Fi, 
bee a 


> ¢------------- 


since the image Is virtual, so q = -d ee a 
ees | — Pipers of arp lpapscaeys 
— = ——— Hig. 10,4(8) pan propia Aare ite | 
f p cl ; Ray dlegram of s Compound Microscope at amend te ena seraihe - 
Multiplying both sides by d, we get 
d = d _a | Working 
4 : se form objective | —_ Bee 
r Pd sees ae mh is placed just beyond the principle focus of objective. A 
fee | eS i nf nagnified image of height h, Is formed. This image acts a5 an 
oR real, inverte@ and Magny ja 
: P 4 object for eyepiece. i 
: : image formed by eye piece | he eyepiece. Eye- 
= p en f am corre by objective lies within the focal length of pe og ’ 
Ce eae ae eight h, at near point. 
But re piece makes a virtual and magnified image of height ha 
if ee 4c ane cue 
Therefore, M =1+ d ) ___ B= angle subtended by the final image of bale ns: ali 
| ee 2 a= angle subtended by the object of height h at the eye. 
Which is the formula for magnification; it shows that focal length should = oe 
be small for high angular magnification. | : 
Q.2 What is compound microscope? Describe its construction and working. Sings” bannite h ' 
Also calculate its magnifying power. d 


(Ans. : $0 ee ) ow | 
<p a 
Compound Microscope ve 


* 


A compound microscope is used when high magnification is required. ding by hy aes sw encemcammart 


Multiplying and divi 
Construction , | 


| oe 1 
- is t a zn ; 
a ee 


= 
fi ; 


It consists of two convex lenses. 
(i) Objective 

It is of short focal length and small aperture. 
(ii) Eye piece 

It is of large local length and large aperture. 
Principle : . 
When the image formed by the objective of small focal length is within the focal 
length of the eye piece of large focal length then a virtual, inverted and 
magnified image is obtained. iW | 


. > ee | 


M,= 4 (2) 


5 


As eye piece acts as a simple microscope, hence its ma 
expressed as. 


d 
2 ; _ (3) 


+0, equation (1) becomes 


P| f. 


For higher magnification 
We should use the eye piece of shorter focal lengths. 


(4) 


For higher resolving power 
With wider objective we use blue light (of shorter wave 
diffraction and to give more detail of the object. 
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gnification M. can be 


length) to produce less 


Astronomical Telescope 
Telescope 


Telescope is an optical instrument used for 
many kinds. 


Astronomical Telescope 


viewing the distant objects. It is of 


The telescope used to see the distinct image of distant heavenly objects like 


planets or moon, is called astronomical telescope. 
Construction 


A simple astronomical telescope consists of two parts. 


ti) Objective: It is of large focal length f, and large aperture. 
(ii) Eye piece: It is of short focal length f, and short aperture. 
Ray Diagram 


Rays from distant 
object AB 


potar's PHYSICS — XI (Subjective) 
schon 


principle POU or : 
, real, inverted and diminished image formed by the objective serves as an 
‘ fot eyepiece which is at the focal point of/both the lenses then a virtual 
oy magnified image is formed at infinity. 

ane 


- working 


\mage formed by Objective lens 
beam light rays coming from distinct objectforms an image A B at 


ne parallel mn | 
Som point of the objective. The image formed is a real, inverted and 


diminished. | 

age formed by eye-piece | ine 
Jigga image AB acts a5 object for eye piece. Image A’ 8 Is formed at the 
focus of the eye-piece. The eve piece forms the final image at infinity. The final 
image formed is.virtual, inverted anc magnified. 

cusing for Infinity <= 
ae he image formed by the objective is at the focus of objective as well as 
eye piece Then the telescope is in its normal adjustment or focused for infinity. 
ae SS : fir al adjustment) 

neth of Telescope: (in normal adjustm | iin ca, When. a 
. ene adjustment of telescope, the distance between eye piece and 
objective Is called the length of telescope. 50 

L=f,+fe 

Magnifying Power = 
For-a telescope, it can be defined as angle subtended by the 


image at the eye as seen through telescope to the angle For Your intornst 


subtended by the object as seen by unaided eye. 50 


Nie ep 
tL 


In right triangle OA ‘B 


A'B' ; 


In right triangle O'A'B’ 


Note 
A g00d telescope has 


an objective of large focal le 
brightness of final 


nen ana large fd 
Image depends upon intensity of 
objective. We use the objective of | 
magnify as well as make 


Lal ident iene 
arge aperture for thi« 


DUrDO<e lt 
Mapee to be bright 


May 


, i ; K - , 
Q.4 What is a spectrometer? Describe 


| its Construction 
write down its uses. 


and wo rking: also 


Spectrometer 
The optical device which js Used to study the spectrum of y 
's called a spectrometer. Spectrum of light be 
refraction by prism or by di 


Construction 


arious 2OUrCes 
am can be 
fraction from a grating. 


OF light 
ODtained either by 


It has three main components: 
(i) Collimator 


The Mnction OO; i le make the ruVs COMING 


end of the tube a convex lens is fixed 
provided. When slit js just 
from slit become parall 
(ii) Turn Table 
Jurntable is cy ipahle to rotate about the 
attached at the bottom of turn t 
to observe the spectra. 


from a near by soy 


wPCe Parallel. At one 
and On the othe, ENd, an adjustable «lit is 
at the focus of convex lens then light 


| rays entering 
el after Passing through the lens. 


fixed vertical ares. A circular Scale is also 


able. A prism or grating is place on the turntable 


ree 10 @ jal 


Schematic diagram of « ee ee ae 


Collimator 


(iii) Telescope 
A telescope fixed on a stand and is rotatable about the same axis as that of 
turntable. A vernier scale is also attached along with the telescope, 

Working | 

Before using the spectrometer, one should carefully adjust the turn table 
horizontally by leveling screws. The collimator is adjusted to get the parallel rays 
of light. 


wis i 250° a 


Tar sta. , rT | 
pare Kut ine 


| ele the 


Jescope chould fac Lis SO that the [ctl allel rays entering it are focused at the 
esalescol rs 


rosswire near t 
cro: 


U 
i 


ses of Spectrometer 


is used to, 
study the spectra of different light Sources. 


F . 
study the deviation of light bywlags prism 
* = | 3 | 
» Calculate the refractive ind@x of Material of prism 
» Measure the wave lengthol light by grating 


Describe the Michelson §,experiment to calculate the speed of light. 


speed ee that it 1s very difficult to measure its speed. Galileo 
- bia first who tried Ttomeasure the speed of light. Although he did rot 
sched in Measurement of speed of it yet eee convinced that it 
skeesome timieto travel form one place to another. 
a made observations for the calculating fl speed of 
light in aie. The apparatus and experimental setup Is shown in ligure. 
xperimental arrangement ae 
se al (eight acide polished mirror M is mounted oe the i, “i 
a motor, The speed of motor is adjustable. suppose that the m a 
stationary position. The light from source $ falls on race 2 of alias y 
The reflected light from M falls on plane mirror m. The light refle re 
from mirror m falls again on face 3 of M. On reflection through face 3 
enters the telescope T. 
Working 7? 
When the mirror rotates anti — clockwise, initially the source of ligh ie __ Michelson's me 
not be visible but when mirror M gains a certain spee Ps siti: 22 measurement OF § 
becomes visible. This happen when th time- : fen by Hight in poate _ 
from M to m and back to M is equal to the time te Ken 0 Mg yA | 
to the position of face 3. p eens 


adie me, 7 oh 7 e 
1 +] Aar 1 a 
I a ! A 


Or 


1 


Sf 
The distance covered by the light in this time is 2d j.e., 5 = 2d 
AS Speed of light = “S20 
lime 
> 
c=-— 
i 


Putting values of S and t in it, we get 


OR c =16 fd 
He calculated the value of cin vacuum and is 
c = 2.99792458 x 10° m/sec 


O era 
ie ¢=3x10 m/sec 
Note 
. 7 A on Hel | 
. . DP : “yA in other materials is always less than c 
The speed of high enc | > ‘har 
! ght depends upon the nature of medium (refractive index) 


However the 5s of ligt 
er the speed of light in vacuum and air is nearly equal. 


Q ee. Write down a short note on optical fibers. Also discuss its advantages? 


For hun et ene 

OE mE Re 2 night. Navy signalmen still use powerful blinker lights to 

Graham Bell invent me other ships during periods of the radio-silence. 

in et cake photo phone after the invention of telephone. His Photo 

pin ae odu ated beam of reflected sunlight focused upon 42 selénium 

= ve ue oa at a distance of several hundred meters away. 

2 2 aes Saas ‘pears to transmit a voice message through a@bearn of light 

2 TRA ) ~ e230 transmission of light through thin fibers optic has been 
ped. in these days it use in communicational technology 

Advantages of Fibre optics: eat 2 


It has large advantages due to | Ce oe | 
radio signal). s to the use of optical signal (light signal instead of 


. it has wider band width of ca abil 
i 
interference. ~~ yn safe roe elegromagnetic 
5 Optical fiber is used to transmit tight 
t round 
inaccessible places. the corners and into 


* tt is possible to study the interior of lungs an 
rer 
For this purpose, a flexible fibre t optic in ~ parts of human body. 


rt 3 into the body. 


| 


Point fo Pone - 
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he communication system based on optical fibre has large capabilities. it 


1 
can be ysed to transmn thousands of telephone converSation, 1.V program 


data transferring 


in has peincreaseo the efficiency of word processing, igke fransmission and 
f 

ciber a te system consists of much srjalier and light weight cables 
; a fiber optic with its protective ease is.about 6.0m, In diameter, which 
a 


can replace 4 7.62 cm diameter bundle af. copper wires carrying the same 


amount of signals 


b oper eu vee te 
= fp ue ie wer 4 
— rr ” gia Saat 4 


he basic principles of Fibre optics? Explain them. 


A | pica pias | 
abe) ul Oo-250pm om 
| earmetet For armall 
cduameter tne phenomenon 
af votal interna! reflect | 
| is observea and there will | 
be gmail chance | of power 

lonses «Of laght due Wo 


| goer enon 


cibre Optic Principle 
The propagaven of ight in ane optical fibre re 
confined within the fibre and cannot escape from It. 


quires that light should be totally 
This can be done pos= sible 


(1) Teta! Internal Reflection 
42), Continuous Refraction 
Ri Nowwe dIpcuss these two different way 
(1) Total internal Reflection j | 
Wher adight ray traveling from a denser medium towards a rare 
dium, makes an angle of incidence grene then critical angle 
back into the same 


is called total 


s in detail. 


h he medium then the ray is totally 
adie This phenomenon is 


a angle 
The angle of incidence 


corresponding angle of refractic 
tis denoted by 0. 
Refractive index: 
The transparent medium has particu 
The ratio of speed of light in vact um to the 


| | : " "qj 
ia # a f 
pt ie | 
; | fe 
Le ee Fs Lain a 


he . 


The amount of light reflected or refracted at the boundary depends uc 
values of refractive indices of two optical media. It also depends u 2 
of incidence. oii 
if 8, is the angle of incidence in medium ‘I’ and 6, is the ane! 
medium ‘2’. Then by Snell's law. | : 
n,sind, =n, sind, 

or a = sin @. 

n, sin@, 
If fight comes from denser medium and enter into rare medium then 6 
Eréater than 6.. Ree 
The particular value of angie of incidence @, 
becomes 902 is called critical angle 6.. 
So n, sinO, = nz singo? 


ine 
the anpie 


e of refraction in 


2 MUST be 


. for which angie of refraction 0. 


5 


where n.= refractive index of air = 1.9 

nm, = refractive index of Blass =1.5 

Sin 0, = 0.667 

Or 8. =sin~' (0.667) 

Or 8 =41.8° 
It is the critical angle of giass. 
Condition for total internal reflection 
For that two conditions are required 
{) Light should travel from denser to rare medium. 
WW The angie of incidence should be greater then critical angle. 


Propagation of light within glass rod (b tote! Internal reflection) 

Let us consider # glass rod of round bay The light fi hie into the glass 
rod from air at an angie less than @, 0.6. SRN, Will elEspe through the 
boundary of surface of rod just like raya Which is Incident ot en angle of 0° 
While the ray 2 and 5 making engle 420 ahd Go8 ghow the tote! iniernel 
reflection and so they propagate inside the alas rod due to continuous 
reflections from the boundary. The ray 4 Is called axial ray, jtg path |s parallel to 


Fig. 10.10 (b) 


‘ i E 
’ = i j 
' 
A 
= 
9 
p 
| 
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2) continuous Refraction 

a mode of propagation of light through opticallfiber in whith the light is 
A nsicusly refracted within the fibre is continuous refracuem 

Vie flexible optical fibre is in such a way that/tenttal core is made up of large 
3 ive of index of refraction and it is surrounded by cOntiquously detreasing and 
er lest index of refraction. Then such agfibfe is called Multimode graded index 
of less | 

fibre. , 4. ME conti oes than phat; pot 
if the cladding !s of constant index’@firefractive and@vess than that the core then 


itiscalled multimode step index fibre. 
As light ray passing from aderser medium to. a rare medium, it bends away from 


normal and vite verse. ate: | 
in multimode grated index fibre, the light signal has confined within the optical 
fibre by continuous refraction and then refraction frorn the boundary and then 
e jit and cannot leave or escape from it. 

4 : 


again refraction, So light remains insic 


Light pro pagation with a hy pothetical 
multi layer fibre. 


Q.8. Explain the different types of optical fibres? 


Types of Optical Fibers 
Optical fibers may be classified into three types, 
(i) Single mode step index fibre. 
(Il) Multimode step index fibre, 
Whe Multimode graded index fibre. : 
t 


The term mode is the method by which light is p 
(!) Single Mode Step index Fibre 
* Ithas vary thin core about § wm diameter, 


> ih sd a, 
a 


Fig 10.71 


Crovae cechoral claw of 
(o) dul ode atep index fibre 
fo) Miusi-tunces graced incex ftv « 


= vay Ss censty £7 = towards 


its outer 


———. 

« 6The Gameter of the core ranges from 50mm to 1,000um. 

There is no particular boundary between core and cladding. 

* The light is continuously vemractes aitn in the fibre ig iS 
useful for long distanc 


Signal Transmission & Conversation to Sound 


Ths = | Si ale on oT me _ _ ie _ ss 
The hire optic communication system consists of three major components. 


erts the electrical signal into light signal which is obtained 

me. ihe fight source in the transmitter is either a LED [light 

cing ode} « or Laser. The light signal is invisible infrared of typical wave 

length 7.3 fmm whech moves faster than visible or ultraviolet light. The lasers and 

LEDs used in this application are tiny units (less than half the size of the 
ie in aviler to exchch the size of the fibres. 


the ig sgrals are modulated to transit the information, it flashed on and off. 
Digta’ modulation is expressed in bits or megabits per second where the bit is 
ener 1 [on state) or O lof state). 


(ii) Optical Fibre 


6 pulse travel through the optical fibre by total! internabrefiection 
: ipuously refraction with very faster speed despite the ultra purity (99-99 

% gies) of the optical fiber. The light signals while passing through the optica! 
fore become dim and must be regenerated by a device cali repeater, Repeaters 
ypically placed 30mm apart, but in the newer system this separation |s about 


Receiver captures the light signals at the other end, and ecot 
: 1 signals by means of p diode. Any corhn at 
represented by 3 particular pattern or code of t's and ols by using computer type 


equipment. The receiver is prograrry ao ee 0° pnd. cr, nd converte tt 
into sound, picture or data as required. : 


mi: ~ | 


Lignt propogation th 
graded - Prout Malte 


Optical fiber 


Laser 


Electrical 


signal 


5 ower m-s5-t wer due to given 
se ; nal travel through fiber <i suffers losses of power 
. om fight s'2 


factor>- deine and absorption 
scattering anc ¢ ight energy 
3 get ici slong fibers DY multiple reflecton®, a seeks 
2 7 glass megium. it is due to the impurity of ‘ atoms such 25 
asorbes o energy of lignt signals I5 scattered by tne group oF e 
Some part 9 


iF A 1os5 
= Careful manufacturing can reduce the power losses by absorp 
and scattering. 
(2) Power loss due to dispersion 


ifthe light signal is nat pace oi ye 


og using 4 pee index fibre, 25 | 
The different wyveents ail 
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Multiple Choice Questions 


Four p ossible answers to each statement are given below. Tick (¥) the correct answer: 


The objective of telescope has large aperture to: 


(a) Feduce spherical aberration (b) Increase span of observation 

| | | | 

| ic) Have high resolution (d) Have low dispersion | 

| : The sky appears blue because: 

| a fa Realilight is absorbed (b) Blue light is scattered most 
Magnifying power of simple microscope | c) Blue light is absorbed (d) It is sky's natural colour 
aay | rhe magnifying power of telescope can be increase Joe 

L Magnifying power of simple microscope | 3. T : i > (b) Increasing the focal length of objective 
__ When focused for infinity | (3) acreage pe, : ing the length of eyepiece 
Mag ifi ion of o! =e ; : (c) increasing the diameter of objective (d) Increasing the length of eyepiece 
aenitication of objective in compound ' dium, the characteristic which does not 


4 When light ray travels from one medium to another me 


microscope 


aa ae — : - | change is: 
Magnification of eye piece in compound | fa) _ Velocity (b) | Wavelength 
TEA lee {c) Frequency (d) Amplitude 


is 10. If the focal length of ubjective is 100 cm. 


 § The magnifying power of an astronomical telescope 
What Is focal length of eyepiece? A 
(a) 10cm (b) 100¢m 
(c) 1000cm (d) - 5m er 
6. For normal adjustment, what Is length of astronomical telescope If focal ler 


Magnification of compound microscope 


L} Length of telescope under normal adjustment | 


1s of objective and 


| Magnification of telescope 


—_ : eyepiece are 100 cm and 20 cm respectively? : . Jf 
ESOC of light » (a) yooOcm 0) 42S - 
(cc) = =8scm : (d) 206m ee i 
: | : are niaced in contact, then their combined focal 
7. Two convex lenses of focal lengths 10 cm and 5 cm are placed in contac sy al | 
lengths are: 


(a) = 11S em (b) 5m 


() em ) em 


ind microscope Is: 
a | Real and diminished 
(a) Virtual and diminished 
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(c) Convex mirror {d) . 
iT. Two convex lenses of equal focal | | wihadate,» 
= a Te | OF Equal focal length f are placed jn | | 
combination is: Sia lie i resultant focay | 
| ~S TeNgth ag 
(a) Zero OF ‘th, gh | 
(c} 2) eh g.10.1 What do you understand by linear magnification anithangular magnification? Explain how a convex 
ny 2 (d) f/2 lens Is used as a magnifier? 
12. Final image produced by the compound microscope is: . (Mtn 2003, D.G.Khan 2005, Fsd 2005-2008, 
(a) Real and inverted (b} Rashad ce | - | me Bwp 2006, Mir Pur 2009, Grw 2009, Lhr 2009-2010-2011, Grwaot'| 
(c) Virtual and erect een | ns. Linear Magnification 
| ) | : (d) Virtual and invertes ‘ | 7) : LS ‘ | q 
13. For normal adjustment, length of telescope is: ed The ratio of the size 0 Foblect \s called linear magnification. M= mee 
(a) f,+f. (b) Pred Angular Magnification 
(c) f. | " The ratio of the ¢ ngle subtende: as seen through the optical device to the angle 
7 () a ; 
14.  A-spectrometer is used to find: 
(a) Wawel : apes fo ind: Convex jens as a Magnifier p 
sie se ic de (b) Refractive index of prism When we place the object vu th of a double convex lens then a magnified, erect an 
(c) Wavelength of different colours (d) All of above ‘ virtual image is obtained. 
15. Light rays comin 
g from a distant object are considered | | ical Ing 
(a) Parallel to each other (b) : * : | 0.10.2 Explain the difference between angular magnification ns resolving power of an optical Instrumen 
| at | D) “arallel to principal axis tical instrument | 
(c) Parallel to lens id) ca : ene axis | What limits the magnification of an op (Rwp 1005, Bwp 2007, thr 2008-2011) 
16. Critical angle is that an ‘Syke ec | vi 
gle of incidence in dens ediu al ; ; _ boot | os bet een angular no ee and resolving power | 
medium is: er medium for which angle of refraction in rat Ans. a ence Dew : et ae of the object whereas the resolving power of 
(a) As° (b) aoe s of two very ose objects 
. i , ae aac Seis mee using: icagnineaan of efapckal instrament. - 
3 ectrometer ) 
; scticieaiaaaiaaes (b) Galvanometer 
12 a nterlerometes (a) None of these . Q.10.3 Why would it be advantageous to use blue light ae re, 
ee i 5 fibre transmission system —s——aare used to regenerate the dim light signal. (Bwp 2004-2009, Mtn 2005, Lhr 2004-209: 
2) Diode (b) Pepeaters | Ans Reason , 
el} ,. ! D 
19 i E id} Transiormer : We know that resolving power, R = — = Va <7 
is EES OF Satins vision is 25 cm. The focal length of a comvex lens is 5 cm. it can act # Ue 
oo : 1b) | +5 
yO (d) é 


(a) Electric signals 


{b) Sound signals 


ic) Ether of these None of these 
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( hroamatic aherrution is od ip Tuishiniimnin which o Ml ae Wy fr LOR & ji ts —— 
Chromatic abcrvation shows “fnngwes” wi hone Peay | 


: r i] j F] L Tah j" J 1 
Reason It occurs because lenses have a different retro nd i rit 
index decreases wih increasing wavelength 


: 5 identify the correct answer: 
qte- 


[i) The resolving power of a compound microscope depends om 
(a) The refractive index of the mediuminwhich the object is placed. 
(b) The diameter of the objective lens. 


Hh Onerent wavelenpihs of ent wall Oe Tcused on differen | 


aT 


Q.10.5 Describe with help of diagrams, how (a) a single biconvex lens can be used as a macnis.. (c) Theangle subtended by the objective lens at the object. 

biconvex lenses can be arranged to form a microscope. ° AENifying glass (by) (d) The position of an observers eye with regard to the eye lens. 

(il) The resolving power of an astronomical telescope depends on: 

Ans. For single biconvex lens: IMitn 2006, Pua 2004) (a) The focal length of the objective lens. 

vist siect is ol: thir | | eer | he le stante of distinct vision of the observer. 

When object is placed within the focal length of the lens then an erect wi wal and magnified | (b) The ih a ae’ e * dis 

obtained. _ SNC? image jy | (c) The focal length of theeye lens: 

For biconvex lenses: : (d) The diameter of objective lens. 

‘ ' | l Diameter of objectivetens 

In compound microscope, when the image formed by the objecti. e is within the § Ans. i) (9) 


(ii) (ad) Orenmreter of objective lens 
Oraw sketches showing the different lignt paths through a single-mode and a multi mode fibre. 
Why Is the single-moce fibre preferred in telecommunications? 


r | ‘Cal length } 
eyepiece then a virtual, inverted and magnified image is obtained BEN Of the 


A 


0.10.9 


‘ = lti mode fibre are shown below. 
~~ vas \ heeelifferent leht paths through single mode and mu 
(a) mar i. a 3 s > Ans. Themetifferent ig : 
ae — | = 
0) = a Ansil The path through a single-mode fibre 
ih 
Cladding 
we 
| 
j 
(a) Ray diadram of single biconves hi) & "yew lance< ited as i 
lens Wse OAs ivy SQruryang | Vass Ww iwTy 2 Mm i ‘ 
0.10.6 If a person were looking through a telescope at the full moon, “patel would the appearance of the 
moon be changed by covering half of the objective lens. 
(Sed 2003,Fed 2004, Uhr 2010-2011) 
Ans. The apparent size of image of moon does not change. It looks dim only 


Reason 


. Mapgnification of telescope depends upon the focal length of th evemiéce: Me | ' 


Preference of single-mode fibre 
mee mode is Se in te ecomn 


a 


only the intensity of 


* When half of the objective lens is covered, it does not change itsfacal length. 5° 
the light reduces to half 


| Q.10.7 A magnifying glass gives a five times enlarged image at a distanceiof 25 cm from the lens. F 
diagram, the focal length of the lens. 


ind, by FV 


Ans. Scale: (along x — axis) 

Scm =l1lcm 

25cm=5cm 
From fig. focal length = OF = 1.25cm 
Thus f=1.25 =*5=6.2cm 


EE — ii a = 


i ee — 


~hepter 10 if) 
. [eee | i — 


0.10.1) How the power it lost in optical fibre through dispersion? Expleir 


| i | ’ 2 Fig 
Uw 2004, Iv Pur acca fus 


a a. | 
il ee | 


Ant. Power loss by dispersion 


Wien grt Hgenal it not perlectiy monochromaetc. ther 
grt will : 


(he on passing through the core of the 
optical fibre into different wavelengths i. 2, and) , Otc. as 
shown in figure 


hier eee erie. 

Each wavelength will have different path length 
So the light of different wavelengths reaches the other end of fibre at out 
Therefore, the signal received is distorted or faulty 


arat y 


Dispersion 
When the light passes Into « material at an angle the ight beam o 
Snell's Law and the index of refraction of the materia TP 
slightly different angle when passing through a metena 
called dispersion or chromatic dupersion 


_— ' af 
: : 


erected sciordirg tg 
wi eh * m £i eg? 


1 rete pried a" 5 hf 


Thi Sore@eding owt of (Xe beam of hgh! 4 


taamole V1 


| 
A microscope has an objective lens of 10 mm focal length, and an eye piece of 25.0 cum Secs! : 
length. What is the distance between the lenses and its magnification, if the object bs in sharp foce : 
when it is 10.5 mm from the objective? 


Given Data. 

Focal length of objective © {, = 10mm 

Focal length of eye-piece © {, © 25mm 

Distance of object from objective lens © p © 10.5mm 
To Find: 

(i) Distance between lens = L = q+ p' =? 

(i) Total magnification = M =’ 
Calculation: 


(i) Lf we consider the objective alone 


+ fs pHYSICS : A] —_ . 


a = 
= 
. = 
= rr ee 
al . 


Aer the eveerecet. Wiel 
if at consloe! a c} Ci r + 


= 
47 


= 


Where 


‘s | lon ip because Of WITTUm image 
Negitive spear occaus © 


z= 


Thus ip 4 
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Q/ = 9.49 | 


Again using Sncll,s law (For air-core boundary) 


nSin8 = n, Sin’ n = refractive index of air= 1.0 


WetetelLl : (1.0)Sin@ = (1.50) Sin 9.4° 
Calculate the critical an d | n= 1.5 ( 
| Ps gle and angle of entry f feet . Sin 8 = 1.50 x 0.163 
1,50 and cladding of refractive index 1.48 ae eres Phe having core of refract; Sin @ = 0.2445 
Given Data: “TACtVe inde in 2445 
=) 6 = Sin (0.2445) 
Refractive index of core = n; = 1.50 | : + 
Refractive index of cladding = n> = 1.48 


To Find. 


Exercise Problems 


(i) Critical angle = 6, =? 


i))6=S CU Ane es ees 
al yaa | ; 101 A converging lens of focal length 5.0 cm is used as a magnifying glass. if the near point of the 
a ( observer is 25em_and the lens ts held close to the eye, calculate (i) the distance of the object from 
the lens (ii) the angular magnification. What is the angular magnification when the final image is 

| formed at infinity ? 
| Given data: 

Focal length = f= 5.0cm 

Near point = least distinct vision = d= 25cm 
To find: 
| (i) Distance of the object from lens = P=? 
(ii) Angular magnification = M =? 
(iii) Angular magnification, when image is at infinity = Mx =? 


Calculation: 


(1) According to Snell’s law (For core-cladding interface) w) Using the lens equation 


7 bhai 
n)SinO; = n2SinOz - : fa 4 


When 6; = 6, then 92 = 90° As image is virtual , so q = d= -25em 


Thus 1.5 x sinO. = 1.48 x Sin90° = 1 
1.5 x sinO. = 1.48 


& 
bd 1 = 1 1 
es 
—_—— 


1 = 
= s = za 
- 


sin0. = siAe | 
1.50 P 


0. : Sin” (0.987) 


(ii) From Figure 
Q/ = 90° - 0. 
6’ =90°- 806° © 


M=6 
(ii) Now when image is at infinity, object must be at focus, hence p =f 
Mad 
P 
Putting values, we get 
25 
7 aoe. 
M =5.0 


10.2 


telescope axis is to fall on the eye piece. 


Given data: 


Focal length of objective = f,=96cm 
Diameter of objective = d =12cm 


Linear magnification =M =24 


Focal length of the eye- piece = f,=? 


Diameter of the eye — piece = d.=? 


A telescope objective has focal length 96cm and diameter 12cm. calculate t the focal length wt 
minimum diameter of a simple eye piece lens for use with the telescope, if the linear 


required is 24 times and all the light transmitted by the objective from a distance point on th 


3 ’ telescope is made of an objective of focal length 20cm and an eye piece of 5.0 cm, both convex 
r nees. Find the angular magnification. 


Gres pn, A vial 
Foal lengtihofiobjective = f =20cm 
Pocal length of eye-piece = f. = 5 0cm 
To find: 


Angular magnification = M=? 


| am eye plece of foal length 50 em i) where ‘ 
mag nification. j 
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Sten, 


() 


——— 4 : a i | : " + ; Le , eh : J , 
q'=a thus final Image is formed at infinity Thus the image A'B’ is formed 18cm away from the first lens This image will act as an obyect for the 
(11) Angular Magnification | second lens , which is 26cm fron the firsblens | 


Thus ay 
p'=L- q=26 -18=8.0em 


For second lens 


r | 
—=— 
a 9 
10.5 A point object is placed on the axis of and 3.6 cm from a thin convex lens of focal length 3.0cm.4 | = 
second thin convex lens of focal length 16.0cm is placed coaxial with the first and 26.9 cm from i — 
on the side away from the object. Find the position of the final image produced by the two lenses, | VO 
Given data: q 168 


Distance of object = p = 3.6 cm 


Focal length of first lens = f = 3.0 cm | q 16 
Focal length of second lens = f =16.0 cm =] 


Distance between two lenses = L = 26 cm 3 : a ey 
To find: 


q'=-l6cm 
Position of the final image = q’= 9 


Negative sic shows that im age is virtual, 
Calculation: | | » Negative sign sho 
Using the lens formula 


a : - +s of focal length 1,0cm and 3.0 cm. An object is placed 1.2 cm 
10.6 A com und microscope has lenses of focal lengt es he eve, calculate the separati 
from he object lens. If a virtual imag ¢ is formed, 25 cm from the cyc, 
the lenses and the magnification of the instrument. | 
: Given data: 1 


=. 


Or 


This image will act as an object for the eye-piece 
Now for eye-picce 
q=-25cm,f,=3cm, p'=? 
Applying lens formula 
es 


Putting values, we get 
\.; 6 eee 
M=—(|]+—) 

Eee © 
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M=5x— 
2 


140 
M=— 
3 
M = 46.66 
IM = 47 approx; 


adium light of wa velength S89nmis used to view an Gbject under a microscope if the 4 pes 
10.7 al objective ts ).90.em, (i) find the limiting angle of resolution , (ii)using visible light of any 

of | te ngth , what ‘« the maximum limit of resolution for this microscope . 

Tl ll 


oy Wavelength of emium light= A=S589 nm = 589x110 mM 


Aperture gle objective = D = 0,90 cm = 0.90x10 “in 
To find: 


(i) Liramting angle of resolution = A, = * 
(i1) Maximum limit of resolution = a... at, 
Calculation: # : 
_ ri a - limiting angle of resolution. 
dg L2OE 
: Putting values, we get wait f 


< 0 mh 245 op e107 


seo 
0.90 
=7.98x10" ‘ 


718, 


= = - 
i = —— 


le -— Th i c: ie! ‘ 
i ‘9 j j ——e > a = 
1 A Nd A aadette adhesin Pew; my 


: 7 = SN a ow : - ah a } 

on fea ae is i e eectrum | et 
cece waveleng nH OL ne v ae oe 

t q - { | ij 1 a i i ater tl ’ oa” = 


7 oe ‘ 
a 
am! 


a i 


382 


_ Chapter 10 [Optica) ' 


ie eye ” .. PHYSICS -— Xl (Subjective) ie 
10.8 An astronomical telescope having magnifying power of 5 consist gcholat = : = 
Find the focal length is of the lenses. a eae 


Given data: 


Cm a 
Par, 


q 
I 

| 

\] 


stow using Snell's law tor glass — water interface 


Magnifying poOWer=M = § 


bl Separation between the lens = L. = —_ Where 
lo find: 


| n, sin 8, =n2s1n 0, 


By ae n,=refrective index of glass=].59 | 
Focal length of objective =f =? | aa | 
Focal | } a 1. =refrectiveindex of waten=1,33 
Ocul lengih of eye-piece =f =? | t ed | tN 
Calculation: APE he 5? g =angleof incidenceorafical angle=0 =? 
Magnification M is §,=90°= for total mtemal reflection 
\- : | Thus above equation becomes 
; ar | 1 59xsinO =1.33xsinYO" 
: | J 326i... 
ae os ae y —_ S04 
Or ‘= r ( sing : ar 
2 j 51 } nn’ -sin (084) 
1 Ss | Deemer >. 
r,. ee i 257"| 
Distance between Iwo lens is ea 


L=f +f. 


cladding of an optical fibre are 1.6 and 1.4 respectively. 
face (li) the maximum angle of incidence in the air. ofa 
the critical angle on the interface. 


10.10 The reflective index of the core and : 
4=5 f +f : - Cafeutate (i) the critical angle for the inter a 
Using equation (lyin i | ray, Which enters the fibre and is incident al 
24=of Given dala: | 

24 . Refractive index of core = m= 1.6 
f wa | Tofind: it We 
aesen (i) critical angie for core-cladding interface = O, =? 
Pulling this value of {in equation (1), we get (ii) maximum angle of incidence = =7 


“s Cia _ Calculation: 


Dacoda (i) Snell's law for core-cladding interface 
4, : ny Sin 8, = 02 Sin 82 
where - ny = 1.6 
n,=1.4 
0, =0.=? 


Wwi= 


= 


10.9 A glass light pipe in air will totally internally reflect a light ray if its angleof incidenve is at leas 


39". What is the minimum angle for total internal reflection if pipe isin water? (refractive indes 
of water = 1,33) 


Given data: 


Angle of incidence for gluss in air = 0 =39° 


To find: 


Angle of incidence for water = 9 =? 
s 
Calculation: 


For refractive index of glass light pipe using the formula 
| | 


= 
sin 0, 
Putting the values, we get 
/ 


the core should be 
a’ =90°-0, 
A, =90°-61° =29° 7 
Snell's law , 
for air — core interface 
n, sin®\=n, sin0’ 
Ixsin 0, =1.6xsin 29" 
sin0, =1.6x0.485 For air, n, = | 
sin, =0.776 For core n, = 1.6 
9: = sin’ (0.776) A! = 99° 
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State the basic postulates of Kinetic theory of gases. 
ar movement causes the pressure exerted by a gas and derive the equa 
ules per unit volume of the gas. 


tion P = 2/3 

2. Explain how molecul 5 the f 

No <i/2mv'>, whereN, is the number of molec 
o <2 


c energy of molecules |s proportional to temperature of 


3 Meduce that the average translational kineti 
the gas. 
7 an the hacis of kinetic theory: 
Derive gas laws on the basis of kine rns 
Describe that the internal energy of an ideal gas /s due to kinetic energy of its mole 
ently : ynamics. 


Differentiate between isothermal and adiabatic processe>. 


4. 

5 

6. Understand and use the terms work and heat in thermod 

7 

8. Explain the molar specific heats of a gas- 

Apply first law of thermodynamics to derive Cpe-Cy=R. ail eek, 
10. Explain the second law of thermodynamics and its enear iE Us Dauthale basa 

_ 1. Understand the concept of reversible and irreversible proces 

2. Define the term heat engine. — 

3. Understand and describe Carnot tne 


is ' a . : : ; J ' z 
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After recoiling the molecule travels to opposite face EFGHE and collides with it 


The molecules again rebounds back to the face ABCDA after covering a distance 
2€. 


Let, time between two successive collisions = At 


f ) 
Then at = at [°; S= v1| 
¥ 


Thre number of collisions per second (or collision frequency) that the molecule 
makes with this face is, 


Rate of change of momentum of the molecules 


due to collision with face ABCDA= 2 mv), 


At 
Putting value of At, we get 


| : Z 
Vv, —mMmv 
Rate of change of momentum =—2myv,, x —* = ——+- 


Now, wis nb to the 2nd law ot disap interms of momentum: af f 


oe jon, rate of change of momentum of molecule 
the fone phar by the wall, 


From Newton's third law of motion Force F,, exerted by the molecule on the 
face ABCDA is equal but opposite. ) 


50, 
Fr, = {-™) 
E 


mv,.° 
Pe 


= — 

f 
Thus, the total force acting along x-axis due to N molecules of the gas moving 
with velocities Vi. Vax Van - 


is equal to 


F.= ai F.. + F,,+ Fs, riunies cack ott F nus 
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P.= = p<Vx ———— (3) 
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ly, pressure On the faces perpendicular to y and 2 ax 
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a 
Py= psvy ? | 
a ™ * 


Esonent Galocities wil be equal i.e. 
<V, > = <Vip '2<v, > 


Bee b> = <y,'> + <Wy tates > | 
{ fee! ~ <> Br > + <Vs t> + “Ve? . | 
74 Wyev> = 36K? , 
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tation of Temperature 
neces ho rhea i] 


P¥VenRT (1) 


Where ris the number of moles 
V the volume, T is the absolute temperature and A is the unwersa cas 
(R = 8.314 Jmol” K’) 


if Ny is Avogadro number then number of mole can be expressed as 
x 
n*n. 
N(1) can be written as 


Pye 


COomsi are 


Thus equatic 


or PV=eNkT  _(3} 

Where k = hy is the Boltzmann's constant. Its value & 1.38 « 10° | K is ae 
L} 

constant per molecule 

Also we know that 


: ‘- | 
OR PV = —ccav + = —_= _ (3) 


Comparing the equations(2) and (3), we have 


> ; ™ 
NkT = —WN <—mv’ > Cia 
3 2 , —e. 


ae 
OR T=——<~—mv' > 
aK 2 


Ke, ff 
T = constant Tc > in 
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a Pax — 
Hence prowed. ts the Boyle's law. 
Te vlume of the given mass of 9 was eet directly | 
temperature when the presser So : re 
From kinetic molecular Ueory’ of gases- ey 


dj 


SO, V «xf. 
Hence verified, it is Charles law. 
Q.5 


Write a note on Internal Energy and show that it is independent of the 
path. 


Internal Energy 

The sum of all the forms of molecular energies (such as kinetic and potential 
energy) of a substance ts called internal energy. 
Explanation 
In the study of thermodynamics, an ideal gas is usually considered as a w orking 
substance. The molecules of an ideal gas are mere point mass which everts no 
force on one another. So the internal energy of an ideal Pas System is rene rally 
the translational K_E of its molecules. Since T <« <K.E.>. thus the intemal energy 
of an ideal gas is directly proportional to its temperature. 
How can we Increase the internal Energy 

1) By heating 
When we heat a substance, energy associated with its atoms or molecules is 
increased. i.e., heat is converted fo internal energy. 

2) By doing mechanical work 
When two objects are rubbed together, their infernal energy increases because 
of mechanical work The increase in temperature of the object indicates an 
increase in the internal energy. 
Note 
Similarly, when an object slides over any surface and comes to rest because of 
frictional forces, the mechanical work done on or by the system is partially 
converted into internal energy. 
Internal energy is a state function 
in thermodynamics, infernal energy is function of state. Consequentiy, it does not 
depend on the path but depends on initial and final states of the system. 
Explanation 
Consider 2 system which undergoes a pressure and volume change from.P, anc 
V, to P, and V, respectively, regardless of the process by which the, system 
changes from initial to final state. By experiment it has been seen that the 
change in internal energy is always the same and is independent of the paths C, 
and C.. 
internal energy is similar to the gravitational P.E. So like the gravitational P.c we 
take the change in internal energy and not its absolute value, which is sabia 


Work and Heat 

Both heat and work correspond to transfer of enera 
This idea was first applied to the steam engine w! 
heat in and get work out. | 
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e by the system (gas) on its environment is considered as positive. 


positive 
work don 
sative work done 

) done by the environment on the system is Consid@red as flegative. 
1! jmount of heat Q enters the system it either appears a5.an increase in | 
ternal energy of the system or Is usedilip in daifig work by the system on its 
smvironment 
expression for | | a | 
consider 2 B25 enclosed in the cyuncer with a moveable, ‘frictionless see of | 
ctional area ‘A’. Inwequilibrium, the system occupies volume V’, 


Work in terms of directly measurable variables 


s5-Se 

es a pressure ‘Pp’ on the walls of the egylinder and its piston. As pressure Is 

exe 

defined, force per unit area Ke, 
bh ; A gas sealed in a cylinder by a | 

P=— weighiiess, fnchonass paion 
A The corstan! Gow'we't sft-ec 
; to-re F eigit. PA and when the 
or k= PA oe e 


scion § Oc plated Gms ter atd 


This is the force exerted by gas on piston. 


The gasexpandsithrougn AV very slowly so that it remains in the equilibrium. As 
the piston moves up through a small distance = d = Ay 


Work done by the gas is 
W = FAy 
W = PAAy 
Since AAy = AV (change in volume} 


This is the work done by gas on piston, 
We can express work in terms of etl measurable quantities. 
pehical pee eentation 
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Explanation 


PARR tS BOM system, there is an increg _aignation 
When heat is added to a system: there is an increase in the internal ene, ev from exp! * l ieial ores 
if Pai . fer rhe icgthernial f hange Lake, Diece, her 
yowme F a | Vi I yW i 
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sure and volume where as P, 
U, to U, gue to the rise in temperature and an increase in Pressure of change in 


the state. If at the same time, a substance is allowed to expand, then W is the eee... 
work done on its environment | Hea erm. a) es ¢ 

Q=(U,-U,)+W positive una ae System, [Pas the as constant 
OR QO= AU + W (1) iS Negative 7 8 8 Key | this C9 
Thus, the change in internal energy AU = U, —U, ” Dseaty, wis 
From equation (1) ve WOKE Gon 


Us Q-W ___(2] | pence first =. ieee 
Examples of First Law of Thermodynamics —_—___]|} a Au 
Bicycle Pump a=0 
ansion aay Sa 
; d does externalywork W, an amount of heat Q has to be 
rder to praduce an isothermal change. we 
from one place to another requires Dme, hence to Keep 
the expansion must take place slowly. ? 


gherelore 
AU =0 
; of thermodynamics recuces te 


A bicycle pump provides a good example. When we pump on the handle rapidly, shermal EXP 
it becomes hot due to mechanical work done on the gas, in this way: it increases a gas expands 3@n 
its internal energy. suiuvolemater supplied to the gas ino 
Note 


\ Treoiied iis | Since, transfer of heat 


The arrangement consists of: Thermocouple in pump temperature of the gas constent 


Bicycle pump with a blocked outlet. A thermocouple connected 
through the blocked outlet to note the temperature of air When 
piston is rapidly pushed, thermometer shows a temperature rise 
due to increase of internal energy of the air. The push force does 
work on the air, thereby increasing its internal energy, by the 
increase in temperature of air. xplanati Q=0 
yew nasal en rr _. Snceinagiabatc process no heat enters or leaves the system 6+ 
juman metabolism aiso provides an example of energy conservation. Human Hence the first law of thermod ramics becomes 
being and other animals do work when they walk, run, or move heavy objects. : | et le q is AU+W 
Work requires energy, Energy is also needed for growth to make new cells and to + 6 -AU+W 
replace old cells that have died. Work done will result in decrease jn internal OR W =-AU : 
energy of the body. | Adiabatic Expansion 
According to1” law of thermodynamics, to an organism of human body } ‘ | 
AU =Q-W ; 


if Bas expands and does external work, it is ah akeeach S. 
) | energy of its molecules and hence, the tempers” © © 
Hence, the body temperature or internal energy is maintained by the food we 
eat 


Note (Metabo! 


35 1S Com k is CON go the gas 67M 
Energy transforming processes that occur within an organism are named as 
metabolism. 


| : Renae cats : x tai) 1 i 
n) a Pe 
Applications of First law of thermodynamics 
(1) Isothermal Process 


A process in which the temperature of the system is constant is called 
isothermal process : : 


IF isothermal process the condition for the application of Boyle's Law is fulfilled. 


Therefore, when gas expands or compresses Isothermally, the product of its 
pressure and volume during the process remains constant. 


| sae | iS Ce sothermi. 
The curve representing an isothermal process !5 called an Isot 


(2) Adiabatic Process “ 
A ess in which no heat enters or leaves tne 


on 


yoia| = 


4 ow” 
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Adiabat eat. | A) 


The curve representing an adiabatic process is called an adiahat of thermodynamics 


An adiabat is steeper than an isotherm, sppivine FS" ™ Q, =AU + W 
Examples of Adiabatic Process CAT =AU + W 
The examples of adiabatic processes are CAT =AU + PAV i W =a 
1. The rapid escape of air from a burst tyre. ume remains constant (i.e AV= 0), so.work done tip the system is 
2. The rapid expansion and compression of air through which a sound wave is passing | gince VO the first law of thermodynamics 
3. Cloud formation in the atmosphere. . f yer Th C,AT =AU 
(a} Define the following terms: 5 » Te ee panes 7 Au=C, AT___ (2) 
(i) molar specific heat m 


t pressure | Pee | 
| cau zs an ideal gas !s heated at comstant pressure so that its temperature 
fone More wh * 


. | : ‘ ferrembO, is given by 
(ili) molar specific heat at constant preasure (C,) ges by AT then the heat i lla de 
__(b)ProvethatG—G=R 


On ? instant volume for the 
the same amount 35 at constant vo 
rey increases DY 
- the internal ene 


ame rise In temperature AT: 
bth Vi } == | 
ce 2 Thus Bip=CvAT 


Thus k done by the 
T i the sceiire constant, so the wor ¥ 
aaa ae nds to weep the pressure cons 
he amount of heat re quired fo raise the femperature of one kilogram of a substance up to one Kelvin is called | ince, the Bas/EXPar . 


specific heat. 


(ii) molar soecific heat at constant volume (C,) 


gas is | - 
One kilogram of different substances contains different number of molecules. Sometimes it is preferred to | Wa Poy, 6) 
consider a quantity called mole. One mole of any substance contains same number of molecules. | Meording to first law of hesmonnr ee 
Molar Specific Heat of a Gas : EAT. 2 ae a (6) {using equations(3), (4) 
Molar specific heat of the substance is defined as the heat required to raise the temperature of one mole 0f« a Rent > a 
rere through IK. . ae general gas re aR : 
In case of solids and liquids the change of volume and hence work done | e mole of an ideal gas, n = ; 
against external pressure during a change of temperature Is negligibly hn py = RT : ee ‘ 
small. | Gistant onstant pressure P, amount of work done by one rgole SARE ES | it 
But gases suffer variation In pressure as well as in volume with the rise In volume, pansion AV caused by the rise in temperature AT is given by ’ . 
temperature, Hence, to study the effect of heating the gases, either OU : PAV = RAT 
pressure or volume |s kept constant. We can define molar specific heat of; - bg Sa of PAV in equation (6), we get 
a gas in two ways. C. at = ¢, cats Ay 
(1) Molar specific heat at constant volume — : 


The molar specific heat at constant volume is the amount of heat required to ralse the fempe Mure 9 oe 
mole of the gas though 1K at constant volume. 


it is apabatere b by C, . its Si unit is) Mole’ kK”, 


fos mae rn ideal gas Is hes 
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exactly reversed. If heat is absorbed in the direct process, it will be given out in 


the reverse process. If work is done by the substance in the direct process work -_. jencY Ss 
will be done on the substance in the reverse process. Hence, the working | effi ficiency of heat engine is defined as the ratio of work done to the heat 
substance is restored to its Original conditions. Wie fe it iS denoted by 1). 
Cycle | 6a w =Q,-Q: 
A succession of events which bring the system back to its initial condition is called a , 
a cycle aye i ee efficiency = — 

4 : Thus, ; J 
Examples of Reversible Process | 
(1) The process of liquefaction and the evaporation of 3 substance 

performed slowly are reversible processes. | 

(2) Slow compression of a gas in a cylinder is reversible process as the OR 


compression can be changed to expansion by decreasing the pressure on 
the piston. | 
irreversible Process 
A reversible process is one which can not be retraced in exactly reverse order 
without producing any change in the Surroundings. , 
Explanation 


: This is the expression for efficiency of heatengine. 
ond Law of Thermodynamics 


: gi State and explain Sec 


All changes which occur suddenly or which involve friction or dissipation 


aes , of 
energy through conduction, convection and radiation are irreversible. 


 Second'kaw of Thermodynamics 
According to Lord Kelvin’s statement for working of heat engine, 


) Explosion | cample of hi | lt is impossible to make a heat engine which converts all the heat absorbed 
i Xplosion is an example of highly irreversible process. » from a hot reservoir into work without rejecting any heat to sink 


(ii) Work done against friction 


- saniailenas | OR 
G.10 Write a note on Heat Engine? 


There is no perfect heat engine 


( ivr) | Explanation | 

—_ in i om the heat source at 
| | cal : | Let, the engine absorbs a quantity of heat Q, from ot casarrt be 

Heat Engine a temperature T,. it does work W and rejects heat Qs visi cyclic process, In 

Te sal; per See — a Pret 4 | ——  Wtemperature T,. As the working substance goes Wiivup” = i ee oe 

ni i . a device which converts heat energy into mechanical work “a whieh in sib ps ce eventually returns to Its Initial state, thus the change In 


Internal energy is zero AU = 0 

Hence, according to First jaw of thermodynam 
i + V | " 
’ aA WN Wa Oy ~ Qa and Qs Q, ~ Qu} 


is, the net work done Ia 


The earliest neat engine was the steam engine. it was developed on the fact that 
when water is bolied in a vessel covered with a lid, the steam Inside tries to push 


the lid off, showing the ability to do work. This observation helped tadévelop a 
steam engine. 


- 


Construction 
A heat engine consists of; : ae 
* hot reservoir or source which can supply heat at high tomperature ee ee | | | " . 
* #8 cold reservoir or sink into which heat is rejected at © |OWOT Le | ( 
temperature, 
e 


- earns ee Is Needed which cen absorb heat Q, from source, 
invert some of It into work W by expansion and relects the rect heat Qs 
Sania sagaiiots ok ark by expansion and rejects the rest heat Qs 
Working 

A heat engine Is made cyclic to provide @ continuous supply of work, Working 
substance absorbs hest Q, from source, converts note elt inee monk W BY 
expansion and rejects the rest heatQ,tocoldreservoirorsink, 


Chapter 


The reason for our inability to utilize the heat contents of oceans & atmosphere 
i, That there is vu reservelr ald (ChMiperdire 
Note 


Jower than anyone of the two. 


in practice, the petrol engine of a motor Car extract heat from the burning fuel 
and converts a fraction of this energy to mechanical energy or work & expels the 
rest to atmosphere. 


Petrol engine converts roughly 25% & diesel engine 35% to 40% available neat 
energy into work. 


Q.12 


What is Carnot's Engine? Explain its working and calculate its efficiency. 
Also state Carnot s theorem. 
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Carnot’ s Engine oe 
ACarnot heat engineis a hypothetical engine tnat operates on the 
reversible Carnot cycle. Sadi Carnot in 1824 proposed this ideal engine using only 
rotherma!l and adiabatic process 
He showed that a heat engine operating in an ideal revers sibie cycle between Two 
heat reservoirs at different temperatures would be the most efficient engine 
Principle 
Carnot’s engine works on the same principle as that of cyclic heat engine. 't takes i 
heat from hot body, convert a part of it into work and reject tne remaining part , 
to cold body. ‘1% 
Working | -. % 


A Carnot cycle using an iceal os a3 @ working suOstarice is smoOwr 
Siac it comsists of following f 


| ewganiior 


Tre gas | 5 slowed to excand isothermally at temoerature 7 
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Interesting Information — 


done during One cycle equals to the area enclosed by the 
rk 


af the PV OISBron 
pA ; mated from net heat AQ absorbed in one cycle 
be esa : 
QO, 


AQ = Qa 
wo therm adynamics, 
AQ = bY + W ~ a (1) | 
i yand AU In equatiér (i), we get 


W _ Q, a ar 
“y 1 (eta) of heat engine 
guntprat (WEE work ) 


mvefined as 


a foput (c encrey 


a watertall analogy for the 


\W neal engine 
i 
Q, 
{). — () | (7 ne | Ve valer is Oat: mn mune : 
‘| ™ — <- | torrie, Sammeharly pre 
Aa | heat is fom fo the sink In 
a, - (); an (2) rUNMINE a nee a | 
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Carnot’s Theorem 

statement 

No heat engine can be more efficient than a Carnot engine operating between 
the same two temperatures. 

Extended statement 

All Carnot's engines operating between the same two feriperatures have the 
same efficiency, irrespective of the nature of working substance, 


Note 
All real heat engines are less efficient than Carnot engine due to friction & heat 
losses, ‘ 


Q.13 Describe the thermo-dynamical temperature scale. 


Thermodynamical Scale of Temperature 

A temperature scale is defined by using thermometric property of certain 
working substance. If the working substance is not pure then its thermometry 
property is changed and reading of temperature Measuring instrument becomes 


unreliable. 
Thermodynamic scale of temperature is Independent of nature of working 
substance. 


Q 


According to this scale, the ratio 0. is equal to the ratio of temperature of 


2 
source and sink. 
So, aL (A) 
Q,  T, 


Thermodynamic scale of temperature is defined by choosing 273.16K as the 
absolute temperature of triple point of water as one fixed point (upper fixed 
point) and absolute zero as the other (lower fixed point). 


Kelvin 

One Kelvin is defined as 573.16 of the thermodynamic temperature of the 
triple point of water. 

Triple Point 


Triple point of water is the temperature at which water, ice and water. vapours 
are in equilibrium state which is obtained at Particular temperature and 
pressure. 


Let 
Q, = the heat absorbed or rejected by the system at unknown temperature T. 

Q, = the heat absorbed or rejected by the system ar temperature of triple point 
of water. 7 Ll 

Then, according to Carnot 


Q 


cycle 
mitnias 
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T = 273. eg (For platinum resistance thermometer) 
{ 
—af T =273.16— (For gas, thermometer) 
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reyects the remaining part to 


the sink. 


} takes heat from a cold body | 


with the 


work and rejects the heat ©] 
hot body : 
works in reverse order af} 
heat engine 
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| “atmosphere pressure. 
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mula 'S ysed to calculate the absolute temperature. Since tthis scale . 


his dent of working substance. So it can be applied at very low Cemperature. 
F a resistance thermometer and gas thermometer dre based. upon 
queer cal scale of temperature. 
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mw Explain the working of petrol engine and diesel engine. 


tg 
i | 


engine takes hea | | Petrol Engine 


Source, converts a 
it into work and 


though different engines may differ in their construction technology but they 
webased oi the principle ofa Carnot cycle. 
| Construction 
) Fetrol engine consists Of pistons, crankshaft, sparking plug and valves. It is shown 
val 
| four stroke petrol engine also undergoes four successive processes in 


But a refrigerator 
help of extemal. | 


Thus a refrigerate | 


‘Mntake stroke 


Peale Starts on the intake stroke in which piston moves outward and petrol 
| “Mixture is drawn through an inlet valve into the cylinder from the carburetor 


| - Compression Stroke 


er see's FE 


** «6 o, 


1 
* — 


cs — Xl (Subjcctive) 


Efficiency . 


of Increase of Entropy 
The actual efficiency of tuned engine is not more than 25 to 30% because of heat : yin” ole states that cniropy of a svsiem plus it sur roundines increases due tn 


& friction losses. Cylinder block | ris Om “acess done on ol iM fhe (hermoa- d) namical svstem 
: ts ing are the temperature of hot body and cold body respectively 
Bit —r2— er | at 189 e Q be the amount of heat conducted.Ther 
apberk phic _, fs. | T )and 
ven > ve i oe ery et af ' / | Le. 1,7 ; Lu n () 
‘ ih - | ~, | sat entropy of HIR = — 
ve 7 Decrease HEMEL S| 1 


The jet engine on this aircraft 
converts thermal energy to 
work, but the visible exhaust — 
Clearly shows that a | 
considerable amount of 
thermal energy is lost as | 


| Q 
fe ase of entropy of LTR = Ta 


tlalsia a 


MEL RS 


tri oe Sa ~< = positive 


: waste heat. 
= ' “Fat atal * iin — Valves , | the sign of met change of ehtropy is +ve or we can say that net] EXPLANATION: 
arma: ve = Tote T; $0 ¢ a a a The remaining part of thermal 
a eS) os ' entropy of the system I i a Ra... 7 he; energy is rejected to the sink, 
soleil b rs | this proves that there !s set increase of entropy due to a natural process ao according to second law of 
> on : big end crankehat hnwhoal = é¢ temperature). This ts also called another | thermodynamics. 


tow of heat from high 
 gatement of second law " Rp A 


No spark plug is needed in the diesel engine. Diesel is sprayed into cylinder at ~ second Law of Thermodynamics in terms of Entropy 


maximum compression. Because air is at high temperature after compression 


' aM. ; | Injecto will co in the direction that the » 5 You Know? — 
the, fuel mixture ignites on contact with air in cylinder & pushes the piston pit —idife system undergoes. a natural process, i is 6 SN acd Ladle hadeate 
Satward. _ entropy af system plus the environment Increases. . ee 
Efficiency: for example, an irreversible heat flaws from a hot body to a cola booy 

| increases the disorder, So we can say that the entropy is increased. 
the SHIRIERCY of diesel engine is about 35% to 40%. Addition of heat increases the a sorder: hence the entropy |5 also increases. 
Q.15 Define and explain the term entropy. op as Unavailability of Mechanical Work (/.e., Degradation of 
| energy): a is cg the average K. E of 
Pntrar letus consider two water tank of different temperature, eS seit 
‘ ‘OPY _ ‘Molecules in higher temperature water is greater than lower te js ahcithe 
Entropy is state variable of thermodynamically system. It was introduced by _ Wo water tanks can be used as source and sink of a heat engine, W : 
Rudolph Claudius in 1856.This gives quantitative basis or mathematical formula | operated, between them and mechanical work can be obtained. - 
for second law of thermodynamics. But if these two tanks are connected with a conducting rod then as rote 
The physical significance of entropy is that if is a measure of disorder of N from hot body towards the cold body until thermal ea ibe 
molecules ofa sysiem. Change in entropy is denoted by AS nm eof h engine, Wi , 
if AQ is the quantity of heat absorbed hy the systern at temperature J. Ther 
change in entropy (state variable) of the system is, 
AQ , | 
a ————— (for reversible process) 
lust like internal energy and potential energy, it is change in entropy which is 
more important than its absolute value. 
Sigh Convention 
The change in entropy is positive (means that entropy increases) when heat is 
added to a system. , ae 
Change of entropy is negative (means that entropy decreases) when heat is ya 
taken out of this system. .~ : = ithe 
Unit ‘< 


The Si unit of change of entropy or entropy is joule/Kelvin (JK"). 


, : . —~ XI (Subjective) 
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Environmental Crisis As Entropy Crisis 

According to 2nd law of thermodynamics, every real process causes to increase 
the disorder or entropy of the universe. Any increase in the disorder of a system Shan éenein 
produces and even greater increase in the disorder of the environment. which is PB, 


| 5 * a typically CSH20. wi , : | 
called “environmental crisis. yoke Cae ee - man’s constan | 
The disorder producing activities due to all industries may result a great aya ee | goltz as per molecule. / 
increases of disorder which affect the overall life support system. NG 10 cea | past | 


ZETe . a | eae | Crasel fuel, which ia why & uses | 
Our mechanical energy producing processes are not efficient. For example petro! | eT 
engine has its efficiency about 30% and diese! engine's about 40%. Hence most 
of energy is transferred into the environment in form of heat, which causes to 
increase the entropy of it. 

The second law of thermodynamics impose limit on the efficiency of mechanica! contain | 
energy produces by engines, which says that thermal pollution is an inevitable | *pprowmately 155x106 rn | 
result of second law of thermodynamics. Due to the thermal pollution in | {'47,000 BTU), white 1 gation | 
environment, temperature change may occur. But a small change in gascnne 
environment may serious effects on metabolic rate in plants and animals. This 
may disturb ecological balance. 

The imperative from thermodynamics is that whenever you do anything, you 
should be sure about its present and future impact on your environment. This is 
an ecological imperative that we must keep in view now if we are to prevent a 
strong degradation of life on our beautiful but fragile earth. 


Omae!l fuel has » higher 


cry | 

| density than Pasting i 
average. 1 gallon (3.6 L) af | 
Ose sap fue! 


“First law of 
thermodynamics 


Adiabatic process i 5 
| | Relation between and C, | 
and ©) 


ficiency of heat por : ve 


Paice Carnot’ 


sai sas Rt 
= 21.(273.16) 
é | 0, 


- _ 


temperature scale 
Entropy 


ee ee 
Pe! 
ae 


7 
—— 
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— <i ‘a 


Only kinetic Only potential 


partly Kinetic and partly potential id) None of these 


ic} sirection of flow of heat between two bodies is determined by: 

The | | h 
i interna! ENe'ey \ ' 
F} | 
The a e speed of the gas molecules in a contai i. c} 
sia = peo ee oe | os of the following ts 2 


given Deiow. Tick / +’) ¢ 


F Oar Passi’ aaswers fo cack Slatement are civen hel; he - 7 
a roe ; L = | ré il OTF ect an Twer- 


- ri . rr om 
netec enerpy 
fa 


Total enerey Atmospheric pressure 
3 best container for gas.during adiaiatic process? 


(ier): ee 


+ ir 11 { = eo OS ol 
=< F Wood vess ef . 


. 7) | 7 ! 
Copper vesse! 


at ‘ch of the following process, the system always return to original thermodynamic state? 
inwne ore” 


The mean ILE. of a gas is zero at: 


-_ ft 
~ ee | is * fe) dhiabatie 
4 ra et | 7 Lm isin tierianiitineniio 
- _— == oe - 
:? tin c | ih ee a if j 1} Tre riyT “| 
am z ; | 


Cyc we | | ra 
= iS Oress: + ve ) a nerature is at 77°C. The temperature of 
Everts pressure on the walls of cont: imer because th. +: (c)  etiite has We efficiency of 50% w Ren its sink temperature t at 27 C. The ternperat 


2 Have Momentus . ; ; > | 
x Ge witli one another source 15- F 597°C 
tc Cole ant? w= - ~veee- ri | x06 oO) =e ™ 
‘ wT OF (nese (a) 300%. , a - 
a ee . i | £/3 ™= 
5 Se Tne ne pobet of ice: ) 37a nowt. teselficiency will be: 
- Derremses bs | engine works between ice point and steam point. Its erie 
| )) if Te atet ; snot eng > es" 


3} | None of these ia) 5 85.42% se katie 
Bt comstart temcery “s - ee ; : Si id) 26.8% 
| temperature, @ orescure ic halved then #< vole Fad © 5 3H% 


WRLTH rs” ic) 535-39 7%. ; as of heat engine should be: 
= Corse . Lhe, ifthe temperature of sink is absolute zero, the efficiency ¢ ra ee. 


i” ge" tere . : 


a 


Tee etsreae etergy of s cormoceszed + eal gat, at that of t-< 


& eal gas at carrie tere ie e, 1: the efficiency of 


i 5 
- 
th 

i 


cj RIO, et aretione, cece ‘ 
af tebe seer (OP, * et art | —. 

2 Prins | : INS as Sahl me Se 
<7 * ge rire | | | | o. ir piatewenie. j system: 
# aah thes of pe lol 

= Zero 


a 7 Rey pee a3: rr é é 


¢- ites © ; 
‘it Af enter sey 
ec Le 

or 


VL LTD (Oe eae wan athe Mm Oe: 
ve! OF nat st 

ie ee a 

: 4) Te Pa A 


' ot sence 2d Setaatateces Dea kttertt etyial, the eraropy @ 
(%, Matmetagen 
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Sito Ody 


Short Questions of Exercise 


Q.11.1 Why the average velocity of the molecules in a gas container i 


IS Zero but the aye 
is © ry . : 4 i : 
velocities is not zero? a6€ of the $q 


(Fsd 2005, Rwp 2006 DG 
. » O.G.Khan 2006 4) 
Ans. Reason 906, Uhr 2040. 
Average velocity of the molecules 
The motion of gas molecules is random. So if a molecule is movin 


g in one direc 
moving in opposite direction. Thus the vector sum of 


these velocities js zero. 


ie fy\= =f) 


t2 


Average of the square of velocities 


As the square of negative velocity is positive 


, 30 the average of square of velocities is not Equal to zer9 


\.e \% } = #() 


Q.11.2 Why does the pressure of gas in a car tyre increase when it is driven trough some distance? 


Ans. Reason 
* This is due to the 
* This work done appears ; as s heat, 
* This heat is absorbed by the gas molecule. 
* Itincreasesthe average kinetic en ergy of molecules. 


" AS pressure P <<K.E.> ,so pressure of gas |s increased 


riction between road and tyre. 


Q.11.3 A system undergoes from state P,V, to state P,V, as shown In fig. What will be the change In Intern 


energy? 
Ans. The change in internal energy of the system is zero. esx ty 
Reason hte 
* itis clear from figure that temperature of system is constant | : 
s 6It means that Internal energy |s also constant as it Jone upon oll | 
temperature _ ! 


110). coeen 
if 


" 50, there will be no change in internal energy 


Q.11.4 Variation of volume by pressure ls given in Fle. 94,4 
43. a ga is taken along the mw 
Ato A, what will be the change In Internal My . 


a 


i | 
i i! 


| } 
i 


f 


. 
a 
Poy 


tion, another will be 


- git.s Specific ne 


(Mir Pur 2004-2009, Mtn 2006, Bwp 2007-2008, Fsd 2008, Grw 2009-201) — | 


| er (C, > C,). 


i 
Fig.11.1Mc] 


Fay. 14, 130) 


Fig. 11,13{a) 


hange in internal energy of the system is zero in.oll cases. 
Thee saat 


ae the processes are ¢ cyclic. So, the systempreturns to its initial state after each cycle. Hence, the 
AS a 


internal enerey of the syst@m,does not change. 


oat of.a gas at constant pressure is greater than specific heat at constant volume. Why? 
doce, (Mtn 2003, Lhr 2003, Rwp 2004, D.G.khan 2005, 


Fed 2008, Bwp 2007-2008, Mir Pur 2005, Lhr 2010-20711) 


ans, «Reason 


When gas is heated at constant pressure then; 
(i) apart of heatis used to do work on piston a 
: fFheat is used to i he ter ture through 1! 

i) rest ofheat is used to increase the temper ~ — Be 
z. gas is heated at constant volume then all the heat absorbed is used to increase tempe 
through 1K. 

That is why the molar specific heat at constant press 


hich no heat ts transferred to or from the system but the 


ure is greater than molar specific heat at constant 


example of a process In w 
ive of the system changes 


process no heat enters or leaves the system take place but temperature of the system 
Q=AU+W 

Fer adiabatic process Q =0 

08 AU i=. 


41? -Hlapte r Lj 
. : -_ LP ete 
OOO esas eeeessieteentidieee see ae 


“ ern, udy, 
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Ans. Yes, it is possible to convert internal energy into mechanical er i 
coe annie noes entropy of a system increases or decreases due to friction? 
nae id 2 (Mtn 2004-2005 » Swe 2006, D.G.Kha 2006, : , , : 
ae Ie allmiad ta exbaad adiahoicalo che onc Ac 4 n Sgd 2005, Lhr 2006-2008, Rwp 2008} 
Whena Pas 15 alowed (0 expand adiahati aly, (NE Pas does work on ‘dale ound) ne | entropy of the system increases due to friction. 
energy, due to which its internal enerpy decreases. i.e \A U *y ~sing Merny | ys © the 
Gases cam be liquetied by this process peason AO 
AS =— 
since ig 
-11.8 Is it possible to construct a heat engine that will not expel! heat in le’ tl ae ar 
Q p 5 Of expel heat into the atmosphere? que to friction, some mechanical energy is converted into heat (i.e heat is added up into the system) 
, | | (986 2004, With: , | Lick increases the entropy of syStem. 
Ans. No, itis not possible Ht 2004, OrW 2099 which incre 
Reason an example of a natural process that involves an increase in entropy? 
lf it is possible, then it will be violation of s€cond law of thermodyinaryiee which states t | 9.11.13 Give (Sgd 2005, Grw 2005, Lhr 2006, Bwp 2006, Lhr 2009,Grw2011) 
: 7 1 4s t lal it it np 
possible to constfuct a heat engine that will not expel heat into atmos Phere with out leay ne : ‘Ale knowethat entropy is measured by following equation. 
change on the working substance ve Ms. Baal AQ 
Q.11.9 A thermos flask containing milk, as a system is shaken rapidly. Does the temperature of milk rise? , 
bis boos cies © from its surrounding an 
| Lr 2005, Fsd 2005, Mir Pur ene | F. ives the increase in entropy, Ice absorbs the heat 
Ans. Yes, the temperature of the milk rises. wiih! of ice mind 


Q.11.10 What happens to the temperature of the room, when an air conditioner 


Ans. 


Q.11.11 Can the mechanical 


Ans. 


s1cS — Xl (Subjective) 


changes ve state.li.c. from solid into liquid). Thus, entropy increases. 
All aatural processes in which friction Is involved, the entropy of the system increases. 


Reason 
We know that 
T << <K.E> 


When we rapidly shake the thermos flask we do some work on it. this work done increases the K.E0) 


 Q11.14 An adiabatic change is the one in which 
molecules of milk. Hence, the temperature of milk rises 


f temperature takes place, 
to or taken out of a system. (b) No change o 
a mae eet (d) Pressure and volume remains constant. | 


fetal [No heat is added to or taken out of «system 


is left:runming ona table in 
the middle of the room? 


(Bwp 2003, Fsd 2005, Mir Pur 2006-2009, Lhr 2005-2006-2009, Grv 2010) 
The temperature of the room will not decrease even it increases slightly | 


Reason 


Slow » evapo a a ‘aiitnth in an isolat oY 
(c) Slow compression of a gas. ) (¢) 
A chemical explosion is irreversible. 
911.16 An ideal reversible heat engine has: 

(a) 100% efficiency. 


(c) | ermiciency wr cnc 7 
. : Pies a] i VE, " B beet il = =| 
energy be converted completely into heat energy? If so siek an srw 28 085 —" as pene: Al 


As air conditi loner is running at th middle of room it absorbs as well as rejects heafin the same re | 
the some rate. So temperature of the room remains unchanged. But Gue to working of compres 
somee heat is produced due to friction. So temperature of the room will Inérease slightly. 


Yes, it can be converted completely into heat energy. 


Reason 
During isothermal compression work done ‘W' on the system is converted into heat a : 
O=AU +W : 
For isothermal process AU =0 ee 
20 -Q=0+(-W) Example: During slow comprises" 
=] heat rejected is used as 
e wi | eat 
= + £2 
Or \ W=9 . - 


50 by doing so whole mechanical energy Is converted Into heat energy. 


7 F 


—— 


Solved Exam Dles 


Given Data. 
[emperature = T = 27C* 
= 21+ 273 = 300K 
To Find. 
Average translational kinetic energy = <K.E> =? 
Calculation. 


| 
AS T= — <K.E> 
3K 
Or KE> = 2K1 
Where 


K = Boltzman constant = 1.38 » lo “JK 


Thus <K.E.> = ; «138 x 10° x 300 


<K.E> = = x 1.38% 10 x3 x 10 


KK.E> = 621 x 107% 


L LiL] le l 1. 


_ Find the average specd of oxygen molecule in the air at S.T.P 
Given Data. | ; 


AtST.P.. we have 
Temperature = T = 0°C = 0 + 273 = 273K 
Pressure = P= | 0! x 10° Nm™ 


To Find. 
Average speed of Oxygen molecules = <y> = 7 
Calculation. 
pa oe 
Or <y"> = 5kT | (| 
BE hcsresscensseyey, (1) 


Where k= 1.38» 1o™ ye 


To find mass m, of one e molecule of oxygen, we use the formule 


Or 


ecular mas of oxygunsne Wins up 
N= Avepslie as ae ‘: 


Chapter 11 [Heat ¢ The 


What is the average translational Kinetic encrgy of molecules in 4 24s at temp 
re £/ (9 


. veils — XI (Subjective) 
yysic je RE ree 
Mody, § 


_ 32x10" 
a 1H = 6.02210” 
: 32 
= r 6.022 x 192° 
mn == 5.31 x 10°*ke 


equ. () we <li 
 -§31x10 
a 1130.22 vant 
Where i 5.31 
<v'> = 2125 84x 10° 
cy’ > 7712848 


puting values in 


cy'> = 


i% mole LE 

4 gas is enclosed in @ container fit 
(he gas is maintained at 8000 Nm’. 
through a distance of 4.0 cm. If 42 J heat is transfe 
the change In internal energy of the system? 


| Given Date. 


ted with a piston of cross-sectional area 0.10 m?, The pressure of 
-2 when heat is slowly transferred, the piston is pushed up 
rred to the system during the expansion, what is 


Cross = sectional area of the pisto 
D) Prenxe ofthe geno P = 8000Ne a ss wun alae sien sel 
rj ance moved ne the ison = Ay = 4.0 cm =4x 10%m [ct i eee m = 
| san Q=42) vt 
y= AU =? 2 = ) 
- ' ees : - 
a » eel 
i at }'- feel 4 : 
work done by the gas = W = PAV a ae oa a 
W = PAAy ve ‘ A ck — 


< = " =~ 
> - bal 


\ _ iting °s Vacs, 30.0 : a ro ay re 


aie 


The turbine in a steam power plant takes steam from a boiler at 427°C a 
____ femperature reservoir at 77°C, What is the maximum possible efficiency? 
Given Data. 
Temperature of hot body (boiler) = T; = 427C° = 427 + 273 = 700K 
Temperature of cold body (reservoir) = T) = 77C° = 77 + 273 = 350K 


nd exhausts j, 


To Find. 
Efficiency =n =? 
Calculation. 
As =(1- 2 
n= ( T, 


Putting values, we get 


- SH aptor 11 (Heat & Th, 


11 


a Average speed of nitrogen molecules = <v> =? 
oie Usiiig the formula 

| , se? 

| -—— <— my > 

| 3k 2 

3kT=<mv'> 


Calculate the entropy change when 1.0kg ice at 0°C melts into water at 0°C, Latent heat of fusion 


of ice Ly= 3,36 x 10° J kg” 
Given Data. 
Mass of ice = m = 1.0 kg 
Temperature = T = 0°C = 273K 
Latent heat of fusion of ice = Ly = 3.36 x lO°Skg"' 


To Find. 
Change in entropy = AS = ? 
Calculation. 


Change in entropy is given by 


T 
Here 


AQ = Heat added to ice = mis 


So . AS = mL, 
T 


Putting values, we get 


AS = 1.03.36 x 10* 
273 all 


Ye pHY 
“tytn ms 


} cine? i“ 


= , 

Tears! 
Where k = Boltzman constant = | 38x10 JK , 
Now the mass of one molecules of nitrogen (Nz) is 


gicS - XI (Subjective) 


Exercise Problems 


ate the average specd of nitrogen molecules in air under standard conditions of pressure and 
yature. 


Under standard conditions 
Temperature = T = 0°C=0+273= 273k 
Pressure = P = latm. = 1.01*10'Pa 


(1) 


<<)? >= at iecadnedanttat 


___ Molar mass 
a Avogadro number 
y= — 288 _ = 28X10 KE 24 65x10 
6.02*10"  6.02*10 
Putting valuesin eqution (1), we get 
3x 1.38107 *273 


pays Oe diet — ’ 
vee 4 65"10™ 

Plcp 
cyt nw 121302210 


<v?>=2.43058«10' 


418 


Chapter 11 [Heat & Tp... 


For first gas 


For second gas 


, thermodynamic system undergoes a process In. which its internal energy decreases by 300, If at 


2 he same time 120 J of work Is doneon the system, find the heat lost by the system. 
| oleae 


| : q 
ih aot Ae | 14 
| crn internal enérijy= AU=-300) 
si Decrease in internal energy = OU=-300 
Work done on the,system =We-! 20) 


jin Heat Wat by the system =Q=? 


| _— According to first law of thermodynamics 
O=AU+W 
Putting the values, w get 
Q= = 300-120 
ss — 420) 


Of MR Bice | ™ - : 
This is the required proof, | Negative sign shows the lost of heat, 


= 


11.3, A os of gas Is compressed to one half of its initial volume at constant pressure of 1.25 1 | 11S. A carnot engine utilizes an ideal gas. The cae of NPE a and heat rejec 
‘m". During the compression, 100 J of work Is done on the gas. Determine the final yolumeoftix ' 127°C. Find the efficiency of the engine. Also find the heat input SO a 
a ~ to the sink when 10000 J of work is done. ane 


tia se | Gen data: - See 


Suppose initial volume of gas =V=V 


urce =T,=227 "C=227 + 273= J 2 7 = Y of} ‘ 


Final volume of gas =V, =— | Temperature of sink =T,=127 "C= 1274 27m 
_) | we tel il 
Cte 3 Work done = W = 10000 J | 
Pressure =P=1.25x10°Nm° | Tofing: ork done 
Work done = W =_ 100] | 


Temperature of 


To find: 


Final volume of gas =V =? 


W = PAV 


. .— Xl (Subjective) 
SHapter 11 [Heat & The pnvsic> = 


(ii) To find Q; 


' - | - = i, 
7) - 


T 


100 
0,268 = 


T, 
_ 100 
T 0,268 
1, =373.13K 


d 1; 100K 
(iii) To find Q, i: 473.13 — T, =100 
Or Q.=Q,;-W | 7 =273, 13K 


Q 7 rae 10000 


11.6 A reversible engine works between two temperatures whose difference is 100°C If it absorbs 146 
gal from the source and rejects 546 J to the ‘aia; calculate the temperature ofthe souree and 


H =(),.268, 7 cate (1) 4 i ; 
(ia. | 


>. 


| ; 397°C and 27°C claims to have 
! v A mechanical engineer develops an engine, working between 327°C and 27°C | 


ficiency of 52%. Does he claim correctly? Explain. 


421 


mm 


422 aa Chapter 1 1 [Hen 4 


= LT a = 
8 ee —  ____ eee | 


vin = 50% 


(sics KI (Subjective) 7 | 423 


So the claim of 52% efficiency is not correct calculation: 
| [ro find / To Find 7; 
11.8. A heat engine performs100 J of work and at the same time rejects 400 J of heat % 1 = 90 v0 
reservoirs. What is the efficiency of the engine? | . PNerpy | he en y= 0 4 
Given data: dst) aa 
work done = We 100 J T 
rr , n= | . aa Gi 
Heat rejected = Q, =400) | T, 
“> fing 1% 
To find) | ye |. —4+ 1 ae 
Elliciency = n=? | rm Tr 
Caleulation: | Puttias valium, sere Putting values, we get 
| nm 280 280 
ae aD ae | | 0,39) = hy So ne Ah 
As We Q) °Q, , : q ; O.7e | we 
Q) = ¥ +9, | 280 1-05 
am | : | | 
Or Q; = 100 + 400 280 
5% : : ae LS 
Q, = 400) | v. T, 
‘1! : . 0 
Now % n= = x00 : Ge aor 
ov Ty 560K 
100 | : = a ———— at 
Sn= ime 3 | OM) | , Thiie i ease in temperature 
200 


a ir A. 2 
i zx 100 


113 A Carnot engine whose low temperature reservoir is at 7 °C has an efficiency of 30%. It is desire : 11.10 A steam engine has a= 
om crease the efficiency to 70%. By how many degrees the temperature of the source be — i the piston. The oom 


: of this steam e 
_ Given data: ied 


ay Y 
= 


* uty me 


rst) 
n= 

4 S{) 
ye 14 


percentape efficiency © 0,44 


i" Li% | 


L111 336.0 of energy is required to melt 1 g of ice at 0° C. what Is 


10M) 


at OC as itis changed to ice at 0’ C by a refrigerator? 


Given data: 


Heat of fusion of ice @ Lye 146 3 


Masa of water m 1p 


Temperature * T « 0°C «273K 


Te find; 


Change in entropy @ AS « ? 


Calculation: 


Since heat is transferred from the water to free 


denoted by negative sign 


Change in entropy * AS«- 


AQ 
T 


Here AQ» heat energy taken out of water mi. 


Thus AS - 


Putting values, we get 


***** THE END ***¢* 


re it into ice, therefore entropy of | 


the change 
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——— ' librium af a -.  « 
in entropy F308 of Waly The comple te Equi a | RF y : 0 
implies — . | vel tie il ¢ omponel it | Maximum ! Zero 

- ii" mt | 


Ice decreases and 


: (Subjective 
YSICS - ns 
rs PH 


‘Board Model paper 


tive 
el Paper Physics Objec 
0g “esate xamination Session 2013-2014 and onward 


le Tim owed: 20 minutes 
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: Aya (8) | 
ly e units | Kom a | kgm” 3€C |! g 2 4 
sure 1 aoe | he 


| rhe | anit of Pre: a 7 . ke . 
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Esc ape Velocity On surface of earth is J i | 
| km/Sec-1. The escape velocity on tne 
Sumace of another planet of same mass 
as that of earth bul of 1/4times the | 
| radius of earth is: | ’ 
"The SI unit. of flow rate 0 of fluid iS 
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“TFor a spring mass system arranged | . 
| horizontally, the instantaneous | 


“In the time required for the tuning fork to 
| make one omee MbeaTIeN, : » wave 


yetoery ol sours ene reat 
| 243H2 respectively are sounde 4 tog sneer | 
ehaige. a beats F Bre aC nee - aie 


2. Write answers of any EIGHT questions. (8 x 2 = 16) 


tt) Define dimension. Check the correctness of the equation v=fa by the principle of MOmogeneity 
[ii) Briefly explain the two drawbacks to use the period of simple pendulum as a time standard 

(iii) Assess the total uncertainty in the final result of a timing experiment with the help of an example 
(iv) Determine the dimensions of pressure and censity. oF 
iw] Under what condition would a vector have components that are equal in Maenitude 

(vi) justify the statement “A body cannot rotate about its centre of gravity under the action of its pias, 


( wii) if A.B=O, Can it be concluded that A and B are perpendicular to each other? Support yo 
- proof ie 
(vii) Why fog droplets appear to be suspended in air? 
(ix) Discuss the sign of acceleration due to gravity for a cricket ball thrown upward, for 
motion. 
(x) Can the velocity of an object reverse the direction when acceleration is constant? Justi 
(xi) It ts advisable to fasten the seat belts during a fast drive. Why is it? 
(xii) Explain how would a bouncing ball behave in each of an elastic an 
3. Write answers of any EIGHT questions. (8 x 2 = 16) 


(i) When a rocket enters the atmosphere, why does its nose cone become very hot? Where does this heat ers 
come from? | $ heat ener | 


(ii) State the work energy principle. Express it in equation. 


(iii) While calculating the Absolute Gravitational potential energy, why is the distance between infinity 


of earth is divided into very small steps. 
(iv) What is meant by moment of Inertia? Give its significance. 
(v) How |s artificial gravity created in an Artificial satellites. 


(vi) Centripetal force and centrifugal reaction are equal in magnitude but opposite in direction. Why these forced 


not balance each other. , 
(vil) What happens to the period of simple pendulum if 

(a) its length Is doubled 

(6) its suspended mass |s doubled. 


(vill) Show that in SHM, the acceleration is zero when velocity is greatest and the velocity is ref when th 


acceleration is greatest? 
(ix) § Why can we not realize an ideal simple pendulum. 
(x) What features do longitudinal waves have in common with transverse waves. 
(x!) | Why does sound travel faster in solids than in gases? 
(xii) Justify the statement “Velocity of sound In a gas is independent of pressure of the gas” 
4, Write answers of any SIX questions, (6 x 2 = 12) 
(I) Define coherent sources of light. How two light beams can be made coherent. 


(ll) How is the distance between Interference fringes is affected by the separation between the sll 


double shitexperiment?. . 
(lil) How would you distinguish between unpolarized light and plane-polarized light. 
(iv) Name and explain any two of major components of a fiber optic communication system. 
(v} How the resolving power of a compound microscope can be increased. al 
(vi) | What happens to the temperature of the room, when an air conditioner Is left running on @* 
of the room. a 
(vii) What is meant by tripple point of water. What is the value of Absolute temperature of tripple PS 


(viii) Can the efficiency.of a carnot engine be 100%? Justify your answer with proof, y 


(ix) | Normal Human body temperature is 98.6 °F . Convert it into °C and K, , 


-_ zs 


Note:- Attempt any three questions, 


5.(a) Define Rectangular components of a vector. How two vectors can be added by Rectangular comr 
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SECTION Ill (PRACT ICAL} | 
Note:- Give answers to any Four Questions. 


(Subjective) 


eed of 30 m sec-l in a direction 30° above the horizontal. Determine the height to 


a ball is thrown with a SP 2 
which it Fr am orbits. Derive an expression far orbital radius of a Geostationary orbit 
what are geostationary OF 14 
= 1 | | 
force is required to accelerate afi electron (M=9.1 x 10 ke ) from rest to a speed of 2x10 msec 
How large o vag Macs a 3 
ugh a distance of 9.0 cm. Mec neei | r. How did Laplace correct it 
throug ganene Newton's formule fomspeed of sound in air. How did Lapl act it, 
What is the limitation Of his" 1+ 
| =] 
er tc freguenc: ibration at a place where g=9.8m sec - 
eh ond! Whabwill be its frequency of vibration atap 
A simple pendulum is 50cm lone 3 
| et 4 KAapRifvineg DOV fa compound microscope 
-onstruction and Magnifying power o P 14909 


Explain the principle, 
Hi : 4 ray diagram . | Oe, ee 
with the sds ps an a grating which has 2500 lines/cm. compute the were of a spectral line for 
light is incl ' ee | 
ANC in 2nd Order is 15°. 


whictithe deviate late the efficiency of a carnot heat engine. 2+3=5 
| the carnot cycle and calculate tne er | yor: ef ag. -l What should be the 
Se anol a hose whose internal diameter |s icm at a speed of im sec . Whe 
Water flows throug’ ) pire pease er 
diameter of theinozzle ifthe water I to emerge at 2im sec . 
4x2=6 


measure time of free fall accurately. 


iM : oes the electronic timer | Sr ere | ms sst count +0.01 
toa). Meat measur d the diameter of cylinder as 2.45 cm by a vernier Caliper May Nes lies to the 
(il) & student measure ) , he instrument and finds zero of the vernier scale lies to the 


m But later on he observes a zero error int i rile 
riage te ree of principal scale and 4th division of vernier scale faces 
scale. Find the correct value of diameter of cylinder. * 
(it) The wire of sonometer |s stretched with @ load of akg 

wire is found to be 11cm by using a tuning fork having Treque 
doubled, find the resonant frequency of this wire for the pans sea 
(lv) Find clockwise torque from diagram. 0 10cm 50 cm 70cm 3 eT A ee 


any division or the principal 


wt including the hanger and resonant length of 
frequency 512 Hz. If diameter of the wire Is 
sonating length and same load. 
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(v) oes the angle of deviation vary with the 
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(vi) Does the critical SIGS a eens 
a - > Tr Ber ar re a ee - ae oA if | ‘ 
(vil) What are the sources OF error Sytip STS SS FST © 
| mS > , 


: Papeete tretgerastersvereee SECTION-| 
t - ‘ ses ra i rt Hd Xs Attempt any t ight parts. | . 5 At = lb 
ts ditt ist tiettttteetee ee Q.NO-# Give the drawbacks to use the period of a penduliim as a tine standard, 
RPP ssseisctettieat ieeaseseastsitasie cet ()) The period of simple pendulum is measured by a'§pwatch 
: : 3 . j a ct | tt “at Tt 4 ‘a | (i) What Lype of errors are possible in the [wine period i | 
tet raed seen eepeael cae hat typ ac apie ta eg 
Soeeteebaseesurasdeds: TH Ti An How many ceconds are there in | yea 
Py ieeaseatsstzesacsdessetebastte ( il nee (iy) Write the dimensions of (i) Pressure (ii) Density 
at * if ot + 1 + on 7 dj + ' | ay che a = -eithar eo vecto * : A . at? 
= | ‘ : * ‘2 . 5 : i i] tT | | Can ‘ veclol hat m= i) compone rif preate l thin thn ect i. magnitude 
a mitt ceeel | ; +} ' ee 4 iT (vi) Can you add ri ri fc) at Vileke LUPE. | . . oo 
SEH HH oe it raiie it) Can 4 hodv rotate about is centre of gravily lnder the getion of its weight? 
bad abe cuNGeeea| Seeien rH reper | 1 ee . ~velacity of anvolect reverse the direction when acceleration 1s constant: 
It ! ak | Lf : 1 i rT rt se (vill) ( atl the velocity .) & | 
PeseeeebecetSeeheags Geseeeceeeeutespessees: If so, give an example ; x 
ree et tite ee | rar _ Sa) | ee ao nroectilce have ws minimum speed, iis Maximum speed: 
ad Cae a cscs Seeneeseaes, 22 tH He “+ art : (ix) At whal POIAL OF POLES Lik path does a projectile have It mM Mw ae ps RES | 
Pept tad de a ie rill ' oon Lea, (ea , | ee ton tt ninehirallu ati nin a sishonar ‘ ! 
sepouleresbeen: bi peaseeed: He a34 : ee Find the velodily OF a fieavy hody when it elastically collides with a stationary light body, 
as fTia Lt i i ae 7 tty dal. é : ae \ h4 i Bri 
Peneed bea Peres dea) & HH San) : He (xi) Merive a rejation bebween Impulse and linear momentum. 
are tf é ‘ao bo th 7 , : — - * = etl ae ie Fa 
rt ; 7 ‘he Mae te aradice 9 fas wing cricket ball’ 
sSbsibesctap : rz Hh aT (xii) Explain, how the 4wing is produced rn a fast moving c err 
itbsssees Ht HEH HH : A ny eight parts ee 
"os sae0 eome seer eH ry | \itemipl any ele if parts | . | : yaad 
areata: i : SeRED DS SeRELULE ESE. Q.No.3 | : Tat ce in lifting a mass )ke through a vertical height of 1m, 
Ee cies Lt : Riciserait att (i) Cal@ulatiethe work dome in Kilo Joules in lifting a mass of lOkg throug! | i 
D ON 1. * i: ' : aan nh Seren hit vhich breaks into pieces. 
= , ‘i (ii) A girl drops acup from o certain herent, which break p) 


i, {___» | What energy changes are involved’? 
; (iii) What is Escape Velocity?  - 

(i) What can you conclude from the graph 1 tiv) Whatis meint by Moment of Inertra? Explain its significance, 

(ii) Find the value of “g" from the graph 2 (¥) Show that orbital angular momentum L,, = ivr. 

(iii) Measure the length of second’s pendulum from the graph 1 (wh) Explain Rotational K.E of a Disc anda Hoop. | 

OR (Wii) Does frequency depend on amplitude for Harmonic Oscillators? 
Answer the following Question on the basis of graph drawn below. | (viii) » Can we realize an ideal simple pendulum? 
7 Ann § -aney = | small sg = 1.00}n | (ix) What is Phase? ) oe! eT 
ang ¥ axes” | amall sg © .00hem (x) Is it possible for wo identical waves travelling in the same direction 4 
Stationary waves’? 
(xi) Explain why sound travels faster in warm air than in cold air. 

| (xii) Define Doppler Effect. oe? 
| Q.No.4 Attempt any six parts. 6x2012 
i (i) State Huygen’s Principle. 
| (11) Under what conditions two or more so: 
| (iii) | Why the Polaroid Sunglasses are b 
(iv) How the light signal is transmitted thr 
(v) When object lie within principal focus of convex lens what is the nat 
(vi) Is it possible to convert energy into mechanical enetgy: =SP sit 
(vil) rage velocity of the molecules in @ gas zero out 


. ae 


long @ string fo give rise lo 


“J 


oe = 
" * 


CCCP KT 
Ceca 
‘CELT Taal 


0.01 0.02 0.03 004 0.05 006 
Fer oe lB Vip —— 
(i) What is value of "p” corresponding to 1/q = 0.5 cm™ 


ati) Using 2 set of values of 1/p and 1/q from evaluate focal length. 
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SECTION-III (PRACTICAL PART 


Write noswers of any four parts, 


is Steady 


i} ‘' Ww a gals rk TT iy ‘ To : : 
S HON does the ¢lectromie limer measures Gime of free fall decurately” 4x 2=8 
(ii) WW hy a screw Pabtiwe’ US Te tke urute than a verniel callipers " 
(nit) How the weight of a metre pod is found when it is suspended to two Sovine bal 

| ‘ ni’ eM OPT ONC? | 
UW] Phe velocity of sound at OC is JA2ms What is its velociry at 250? | 
iv) The ides of refraction of glass with respect to air is 3/2 | ) 


Whatas the indes wf refraction ol aw with respect to glass” 
ivi) What ane the conditions 16 Total Internal Reflection” 


i 
a i 
—_ « ae 


| What are the sources of cro during hie experimental verification Af dau ) 
; renee) RN Re ED 


MEA Sng a sonometer: SS OF Vibrating Stretched Hh 
(vin) «Design a table of obse | Ke i | | Donnas 
i) W init jecgpregnan rations to find aeceleralion uc to era 15 by ach, ating i | a Et 
(is) rite dow WSS Spring HA | 
own the bret procedure to find experimentally ihe unknown weil t Pee Babee: 
vector addition of forces OOF body by the method of —— 
W | he | eke | 
irie down the bre! arocedure ww find ever ; | 
: the brict ote lO find experimentally the refractive index of the muterial ¢ 
critic al angle method , | € material of a prism by 
iq) ah 4 
7 wg et eg ys I+? acerel tf [ 
| ‘3437 Bi Uj 13 Bl Sea EG bd 2 a ee ——— ae a ~ 
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Le a ee to 
Answer the following question on the basis of graph drawn below:- 


—— toe 
(v) Define the terms unit vector and position veetor ; 
ivi) Can you add zero loa null vector? 
ov) Give two conditions of equilibaum. 
(viii) Deline impulse and pive its relation with momentum, ) 
(im) Motion with constant velocity i a special case of motion with constant 4CCCleratign. Is thi. 
(rue! | | | sibel Mere 
(x) Can velocity of an object reverse the direction when acceleration Is CONStaNt? If sc. Rive an, ™ 
(mi) Explain circumstances in which acceleration and velocity V of a car = a “Aan ls 
(a) os vero bul ¥ in nol zero (ty) vis Zero bul ais not zero 
(xii) Explain how swing ts produced ind fast moving cricket ball. 
O.No Attempt any eight parts. | q | | me, 
(i) A girl drops a cup form certain height which breaks into pieces. What energy changes ‘in te 2= |g 
(ii) A boy uses a catapult to throw @ stone which accidentally smashes a green house viene 
possible energy changes. ; meow, ‘Liy the 
(ii) What is escape velocity and its mathematical expression” : 
(iv) When the mud flies off the tyre of a moving bicycle, in what direction does it fly” 
(Vv) Why does a diver Change his body position before and after diving in the poo!’ | 
(vi) What are satellites and how they move around the earth? 
(vii) Name two characteristics of simple harmonic motion 
(viii) Can we realize an ideal simple pendulum’ 
(ik) Define the term resonance. 
(x) Differentiate between longitudinal waves and transverse waves. 
(xi) Why does sound travel faster in solids than in gases? 
(xii) How are beats useful in tuning the musical instruments’ 
().NoA Attempt any six parts. 6x2=12 
fi) Define wave front and spherical wave front. 
(in) How would you manage to gel more orders of spectra using a diffraction grating”? 
(rit) Under what conditions two or more sources of light behave as coherent sources / 
(iv) One can buy a cheap microscope for use by the children. The images seen in such a microscope have 
couloured edges, Why is this 207 
9, Why would it be advantageous to use blue light with a compound microscope? 
(vi). Derive Boyle's law from kinetic theory of gases. | 
(vil) Define reversible process and irreversible process. | 
(viii) Does entropy of a system increase or decrease duc to fiction? 
fix) | Why does the pressure of a gas in a car tyre increase when it is driven through Sone distance” 
ie. SECTION-II ait 
5a) Define scalar product of two vectors and give Ils four characteristics “a ° | 
(b) A football is thrown along an angle of 30” with respect to horizontal (6 throw 40 rv pass. What , : 
the initial speed of the ball? 5 , 
Ola) Describe work energy principle ae) : 
(b) A 1000 kg car trave ling with a speed of 144 km h-! round a eure of radius 100) ri, Find "j : 
centripetal force. ah a: 
74a) §«©What is drawback of Newton's formula for speed of sound 1n air? How Laplace corrected 1 ja ‘ 
“eo 
(b) A simple pendulum is $0.0 cm long. What will be its fréquency dfyyibration at a place ee” 
ms*? . 
84a) Desenbe the Michelson’s experiment for calculation, of speed of light. . 
(b) In a double slit experiment, the second’ Geller makimum Gecurs at 0 = 0.25°. The Wass 
Determine the slit separation. 
9(a) Explain isothermal process and adiabatic process — 
(b) What gauge pressure is required in the city mains for a stream from a fire hose COMM =” 
reach a vertical height of 150m? a 
)(A) Write short answers to any four questioms: = = | 7 
(i) What is vernier constant? = 
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, ee 
know about Zero error! 


What do you 


pit Define weight and write its S.F. unt 
(rit aa a “ndulum 
What 15 second pen 7  _ ay 
Ai yh ‘« the difference between 4 real image and a virtua) image’ 
(Wi (ane sae he 
fyi’ Detine critical angle etd nerimentally that time period of simple pendul , 
(vi) Write down the brief procedure to show, ®apcrimenlally that time peniod of simple pendulum 15 
at Write uv Lie cr op ; 
(13) | amnlitude : 
cee poe a) iW amplitude 
independent | amp OR 
write down the brief pt ocedure to find out the focal length Of a convex lens experimentally. 
Write GOW ws us _ in 4 
io) Whatcan you conclude from the graph: 
(CH) | from the graph 


Gi) Find the value of "g 


GraphaA 


——— a 


OR 
(1) What do you infer from the graph? 


ay .-al lenath of a lens from the graph. 
(ii) Find out the focal length o "Graph B 
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| Inter (Pan - |) 


session (2012 14) 5. (a) 
[ne ; d SS | Hours (D) 
Note: It is compulsory to attempt (8) parts each from () No.2 and 3 w hile attempt any Groin 6 (a) 
attempt any (03) questions from Part I], While attempt Part III (Practical p ut) wile aoe N04 “) 
instructions. oS OTTER tiie | 
Write Sanic Questions no. and its Darl MO, ws Piven in ihe Question Paper cn | 7. (a) 
SECTION | 
Q.No.2 Attempt any eight parts, (D) 
(1) Define Physics, significant figures Sx2= 1 
(i1) Define Radian, Steradian. K. (a) 
(ii) Can you add zero to a null vector? (b) 
(iv) Define Displacement, instantaneous velocity 
(Vv) State Newton's First and Third Law of Motion. 
(vi) Define Impulse and Isolate System. 0 (a) 
(vit) Write the Dimension of (i) Pressure (ii) Density | (h) 
(vill) Give the drawbacks to use the period of a pendulum as a time standard 
(ix) Can the magnitude of a vector have a ne fulive value” 
(x) Can a vector have a component greater than the vector’ s maenitude” 
Sail, At what point OF points in its path does a projectile have its minimum speed. its maximum speed? (i) 
(xii) = Why Fog droplets appear to be suspended in air? (iJ 
Q.No3 | Attempt any cight parts, Sy =lb (iii) 
(1) Calculate the work done in kilo joules in lifting a mass of 10 ke through height of 10m (iv) 
(it) When a rocket re-enters the atmosphere it's nose cone becomes verv hot , Where does this heat exc | \v) 
comes from? | [ ivi) 
(11)  Whatis meant by Moment of Inertia? Explain its significance? , (vii) 
(iv) Explain the difference between Tangential Velocity and Aneular Velocity (viii) 
(Vv) What are Geo-Stutionary Satellites” y ; (B) 
(vi) Name two characteristics of Simple Harmonic Motion 
(vii) Explain the terms Node and Antinode 
(vill) Differentiate between free and Forced Oscillations . wi | 
(1x) What is total distance travelled by an object moving with SHM in a ume equal to its period if ampli" (C) 
A? (I) 
(x) What features do longitudinal waves have in common with transverse waves! (li) 
(X1) How astronomours use the Doppler effect to calculate the speéds ofdifferent stars: 
(xn) = Flow Pollution can be reduced” 


Attempt any six parts. 

State Huyge’s Principle? 

How the power is lost in Optical Fibre? | 

Under what conditions two or more Sources of light behave as Caberent Sources? — 
An oil film spreading over a wet foot-path saws colours. How does it happen? 
What is meant by Linear Magnification and Angular Magnification? 


(vi) Derive Charles’ Law from Kinetic Theory of Gases. it 

(vil) —_ Is it possible to construct a heat esipine that will pot expell heat into the atmosph co oe 

(viii) What happen to the temperatute of the foom when an air conditioner is left runnims © 
muddle of the room? — ie 

(1%) 


Is it possible to convert internal energ 
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HYSICS — XI (Subjective) 


The positions 


sne Projectile Motion. Derive expression Tor Height of Projectile and Time of Flight. 5 
Define Proyectite ; ; 
af two aeroplanes aL any imSstaint are represented by Iwo points A (2. 3. 4) and B(S. 6.7) in 
culate the distance between (he two acrop lites 3 


Km. Cal 


Fam! rDpE ; i = 
Expl un intercon’ ersion of P.E. and KE 5 
d vithout slipping rolls down a hill oF hetehim LOOM, If the disc starts from rest at the top of the hill, 
A psc WILTeh orrppeens : 
’ at oe 7 
what is its speed al the Dotlom. | . 
W hal 1) ppler : Fifect What d none i Prequenc Recei\ ine by observer when source 1s moving 
Whal is WOppiet o Bree : J » 
5 


ind towards the observer aLies| Ex pn 
\ block of mass 4 kg is dropped froma height oF 0.50 m ay to a spring of spring constant K = 1960 N.m- 
A block OF Mass + KE I> | : 

xjmum distance through Which the spring will be compressed, 3 

k fT q 


Write down its working and magnification 5 


awily 


| Find the m 

What is Compound Microscope. 
i “Wot eo 0) 

4 P50) nm uee observed to undergo 4 first order reflection at a Bragg angle of 13.3 


“-ravs of Wavelength | 3 ee. Aare 
nae What 7s the interplaner spacing of the reflecting planes in the crystal: 


(ria quartz | Si )-4) Cryst! 


Explain ‘ARNOT Bngine nd stute CARING ITs Theorem. | 
Witter Flows disough a hose. whose Internal Diameter is | cm ata speed of ms” . What should be the 
VaRRe Tr iu’ Tate i. 


: so =| 4 4 
digmeter of the Hoggle if the Water 15 lo emerze at ims ~ | 
SECTION-III (PRACTICAL PART 
dx2=8 


| 10.A)0 Write short answers to any four questions: 


Define Verner Constant 

How “Accurate is the Screw Gauge? o7 5 Cee 
\WWhat is the use of inside (OR Upper) jaws and sliding strip in Vernier Caliper: 
What function of sounding box of sonometer 1s? , 

What kind of vibration is executed by Sonometer? 

What is Principal axis of a Lens? 

Define Refraction of Light. 

When Zero Error is positive and when it is negative? 
Write down the procedure to show exper 
Amplitude. 
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Write down the procedure to. deterr line experimentally (ne 


method, el ms 
Answer the folle wing q estio a tne 0 
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Graph A 


Graph betwern displacement and Time 


i64a- 


inanie! Bermoulll 


Ameceo Avogadr o 


ta Venturi 


=f Ste 


Nearcaroat —— ma Ty! 6 


poh et 


i ant rT EEE IEE ht 
\. Bese a ath 
a acne a isstecssa ts 


i y } =~ 8 i" = C7 a = = 
i j oF a F| ie a a —s te - 


gia ratesenas cxicea east os sesuere: 
Bla aii aaa re == Sees peseneed meas stich Tht 
b+. ara DEE VHRIES ci Cee 


, et on ms 
Srtsstttthee emma i. diel ToT 


ryeantns wi @ 
A a aad 


La ts f 


J 4 ? 7 ‘ jill. 1 
: Hi pil i 4. iMet 4 ey bs Sea , 
i : : ba a 8 5 = aoe i \ 
a 1 ji wan = f re a ; 
_ . : oe om we Th ' 4 [ 1 i t ‘ we oe (ho oe i . = 
2 bee bags rel}. 4oepetre errr. on 
i — fe ae 7 ae ! 1a oo 
4 i odd | fas —- = Be = = i= a E - e a i 


BB .4s 


